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PRlilFACE,
1 . G e n e ra l .
T h i s  t h e s i s  d e s c r i b e s  t h e  t e c h n i q u e s  used  and t h e  r e s u l t s  
o b t a i n e d  i n  a s e a r c h  f o r  th e  l o n g - l i v e d  n a t u r a l l y  o c c u r r i n g  
r a d i o a c t i v e  i s o t o n e s  w i t h  a tom ic  number <82 and e x c lu d e s  
t h e  uran ium , th o r iu m  and a c t i n i u m  s e r i e s .
The work was s t a r t e d  i n  O c to be r  1953 and l a r g e l y  com ple tednowby 1956. However a s  th e  t h e s i s  i s  o n l y / b e i n g  s u b m i t t e d  ( I961)  
an  e f f o r t  has  b ee n  made t o  b r i n g  th e  c o n t e n t s  up to  d a t e  
w h e re v e r  a p p l i c a b l e .  T] us  c h a n t e r  two p r e s e n t s  t h e  c u r r e n t  
i d e a s  on th e  r e d u c t i o n  o f  c o u n t e r  b ac k g ro u n d s .  R ecen t  work 
by th e  a u th o r  on V-50 (P ap e r  2 C han te r  3) has  b e e n  i n t r o d u c e d  
a s  t h i s  c o m p le te ly  a l t e r s  t h e  i n d i c a t i o n s  o f  th e  e a r l i e r  
r e s u l t s  r e ^ 'o r te d  i n  I956 .  R e s u l t s  o f  a r e c e n t  measurement 
f o r  t h e  6 - r a y  maximum e n e r g i e s  o f  In -1 1 5  and R e - lB /  a r e  
i n c l u d e d  to  e n a b le  a com ple te  s t a t e m e n t  on th e  d ou b le  i s o b a r s  
(C h a p te r  4) t o  be  made. P u l l  r e f e r e n c e s  u n t i l  June  1961 
a r e  g iv e n  where r e l e v e n t .
The d i s c o v e r y  o f  p a r i t y  n o n - c o n s e r v a t i o n  by Lee and 
Yang i n  I956 does  no t  a f f e c t  t h e  p r e s e n t  a'^’^ l i c a t i o n  o f  
- d e c a y  th e o ry  and i s  not c o n s i d e r e d  e x c e p t  i n  C h a n te r  6 
where i t  has  an  im p o r ta n t  c o n t r i b u t i o n  t o  t h e  d i s c u s s i o n  on 
double  b e t a  decay .
“i  ir
2 . D iv i s i o n  o f  Work,
The au t l io r  (D, E.W.) i s  s o l e l y  r e s p o n s i b l e  f o r  a l l  a s p e c t s  
o f  t h e  work c o m p r is in g  C h a n te r  ( e x c e p t  I n  t h e  background  
t e s t s  secti i  . 2 .Ç where Raimsien c o o p e ra te d )  • nd t h e  a lp h a  
a c t i v i t y  m easurem ents  i n  C h a n te r  5 * I n  C h a n te r  3 on th e  
t r i p l e  i s o b a r s ,  t h e  e x p e r im e n ts  on L a-138 ,  V-50 (P an e r  l )  
and L u -1 /6  were c a r r i e d  ou t  i n  c o l l a b o r a t i o n  w i t h  R.N. G lover  
(R .H .Q .)  who w ro te  th e  f i n a l  n a n e r s .  I n t e r p r e t a t i o n  and 
e x p e r i m e n t a t i o n  on t h e s e  i s o b a r s  was s h a re d  e q u a l l y .  D.IC.v/, 
was r e s p o n s i b l e  f o r  th e  d e s ig n ,  i n t e r p r e t a t i o n  and r e p o r t i n g  
o f  th e  ” l i a l f - L i f e  o f  V-50'* where R.L.G. K e i th  a s s i s t e d  on th e  
e x p e r im e n ta l  s id e  and w i th  th e  c a l c u l a t i o n s .
I n  C han te r  4 # on th e  doub le  i s o b a r s ,  R.N.G. and D.K.W. 
s h a re d  i n  th e  h a l f - l i i e  m easurem ents  on Cd-1 13» Sb-123 , I n -115 
and Te-123. D. S.V/, was r e s p o n s i b l e  f o r  t h e  l a t e r  work on th e  
maximum 3- e n e r g i e s  o f  In -115  ^nd R e - lB /  and th e  m easurem ents  
o f  th e  y - r a y  h a l f - l i f e  l i m i t s  f o r  Sb-123  and T e -123 * 
I n t e r p r e t a t i o n  and r e p o r t i n g  o f  th e  r e s u l t s  was by D.T5.W,
3. P u b l i s h e d  P a n e r s .
Some o f  t h e  a u t h o r ’ s work d e s c r i b e d  i n  t h i s  t h e s i s  has 
b e e n  a c c e n te d  f o r  ' p u b l i c a t i o n  i n  th e  j o u r n a l s .  These n a n e r s  
a r e  l i s t e d  below.
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PRil)FACE (C o n t in u e d ) .
1 .  The N a t u r a l  R a d i o a c t i v i t y  o f  Lanthanum P h i l  Mag 2. 49 1957#
2 . A S earch  f o r  N a t u r a l  R a d i o a c t i v i t y  i n  Vanadium P h i l  Mag 2
May 1957•
3. A S ea rch  f o r  E l e c t r o n  C ap tu re  i n  Lu-176 P h i l  Mag 2, May 1957*
4. The H a l f - L i f e  o f  V-50 -  t o  be  p u b l i s h e d  i n  N u c le a r  P h y s ic s .
5.  A S ea rch  f o r  R a d i o a c t i v i t y  among t î  e N a t u r a l l y  O ccu r ing  P a irg
Cd—In —113, I n —Sn—115, SV>—Te—123 and Re—Os—1 8 / .  t o  be p u b l i s h e d  i n  P h i l o s o p h i c a l  Magazine.
6.  A Lev/ Background L a b o r a to ry .  I n t .  J o n r n .  o f  Ap p I .  Rad—
and I s o t o p e s  I9 6 1 .




C h a n te r  1 I n t r o d u c t i o n .
1 .1  The S t a b i l i t y  o f  N u c le i .
1 .2  The Sem i-B nroir ica l  Mass Form ula .
1 .3  N a t u r a l l y  O c c u r r in g  I s o b a r i c  P a i r s  and T r i p l e t s .
1 . 4  F o rb id d en  T r a n s i t i o n s .
1 .5  S e l e c t i o n  R u les .
1 .6  The Com parative  H a l f - L i f e .
1 .7  Review o f  th e  P r e s e n t  P o s i t i o n  l )  T r i p l e  I s o b a r sÎU40, V-50, L a-138 .  Lu-176,  T a - l 30.2 ; Double I s o b a r s
R b-S r-87 ,  O d - I n ^ l l 3 , In -S n -1 1 5 ,  Sb-Te-123, Re-Os-187. 
R e fe rence  s .
C h ap te r  2 The A t ta in m e n t  o f  Low B ackgrounds .
2 .1  S o u rces  o f  Background.
2 .2  The E x te n s iv e  A i r  Shower.
2 .3  N eu tro n  P r o d u c t io n .
2 . 4  The I d e a l  T h e o r e t i c a l  Cosmic Ray S h i e l d  f o r  R a d i a t i o n  D e t e c t o r s .
2 . 5  E x p e r im e n ta l .
2 .6  C o n c lu s io n s .
2 . 7  L oca l  R a d i o a c t i v i t y  l )  N a t u r a l  R a d i o a c t i v i t y .
2) In d u ced  R a d i o a c t i v i t y .
3) C o n s t r u c t i o n  M a t e r i a l s .
2 .8  SI i e l d e d  L a b o r a t o r i e s  l )  The Underground L a b o r a to ry
a t  Glasgow U n i v e r s i t y .
2) The V /a te r -S h ie ld e d  
L a b o ra to ry  a t  A.VV.E.S.
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R e f e r e n c e s .
C h a p te r  3 The T r i p l e  I s o b a r s .  (L a-138 ,  V-fO and L u -1 7 6 ) .
3 .1  The N a t u r a l  R a d i o a c t i v i t y  o f  Lanthanum.
3 .2  A S ea rch  f o r  N a t u r a l  R a d i o a c t i v i t y  i n  Vanadium.P aper  1 .
3 .3  The H a l f - L i f e  o f  V-50. P ap e r  2 .
3. 4 A S ea rch  f o r  E l e c t r o n  C ap tu re  i n  Lu-176.
R e f e r e n c e s .
C h a p te r  4 The Double I s o b a r s .
4 .1  O d-In -11 3 .
4 .2  In -S n -1 1 5 .
4 .3  Sb-Te-123 .
4 # 4 Re—Gs—187•
R e f e r e n c e s .
C h a p te r  5 Alpha R a d i o a c t i v i t y  among th e  Medium-heavy E lem en ts .
5 .1  I n t r o d u c t i o n .
5 .2  Methods o f  i^etactlon o f  Lev; S p e c i f i c  A c t i v i t y  Qt - e m i t t e r s .
5.3  The Alpha H a l f - L i f e  o f  Sm-1 4 7  l )  Chamber Method.2 ) C a l i b r a t i o n  and R e s u l t s .
3) P r o p o r t i o n a l  C oun te r  Method.4) D e s c r i p t i o n  o f  C o u n te r .
5) C a l i b r a t i o n .6) R e s u l t s  and D i s c u s s i o n .
R e fe r e n c e s .
C h a p te r  6 F u tu re  Work.
1 . Double B e ta  Decay.
R e fe r e n c e s ,
Acknowl e  dgeme n t  s .
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ABSTRACT.
O o n s lc le ra t lo n  o f  n u c l e a r  e n e r g i e s  and s t a b i l i t y  c h a r a c t e r ­
i s t i c s  l e a d  to  t h e  c o n c lu s i o n  t h a t  i n  c a s e s  where t h r e e  
n e ig h b o u r in g  i s o b a r s ,  o r  a double  i s o b a r ,  o c c u r  i n  n a t u r e  t h e n  
tl'ie odd-odd member o f  t h e  t r i p l e  i s o b a r  and one member o f  t h e  
d oub le  i s o b a r  must be r a d i o a c t i v e .  ^ in c e  t h e s e  n u c l i d e s  a r e  
e x p e c t e d  to  have v e ry  lo n g  h a l f - l i v e s ,  g r e a t e r  t h a n  th e  age o f  
thie e a r t h ,  s e n s i t i v e  d e t e c t i o n  t e c h n i q u e s ,  c a p a b le  o f  m easu r in g  
low s p e c i f l c e  a c t i v i t i e s  a r e  n e c e s s a r y .  Jome a s p e c t s  o f  t h e s e  
a r e  d i s c u s s e d .
The n a tu r e  o f  t h e  cosmic r a d i a t i o n  i s  c o n s i d e r e d  i n  a 
fu n d a m e n ta l  ap’"roach  to  t h e  form o f  s h i e l d i n g  r e q u i r e d  t o  p roduce  
th e  optimum i n  low background  c o u n t in g .  C o n t r i b u t i n g  f a c t o r s ,  o f  
a sec o n d a ry  n a t u r e ,  t o  th e  background  c o u n t i n g  r a t e  in  
p r o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t e r s  a r e  d i s c u s s e d  and 
s u g g e s t i o n s  g iv e n  on how t h e s e  can  be removed. A b ack g ro u n d  o f  
0 .3 3  c o u n t a / m l n / l i t r e  above 50G eV a t  one a tm osphere  p resî^ure  was 
o b t a i n e d  f o r  a w a l l - l e s s  p r o p o r t i o n a l  c o u n t e r  w i th  an  a r ran gem en t  
u s in g  b o r o n - lo a d e d  p a r a f f i n  wax i n s i  le a low background  l a b o r a to i j  
I t  i s  co n c lu d ed  t h a t  t h i s  r e s i d u a l  coun t  r a t e  i s  due t o  
- r a d i a t i o n  which would be g r e a t l y  re d u c e d  w i t h  a more e f f i c i e n t  
- r a y  d e t e c t o r  i n  th e  a n t i - c o i n c i d e n c e  sys tem .
The c h a r a c t e r i s t i c s  o f  an u n de rg ro un d  l a b o r a t o r y  and o f  a 
s p e c i a l l y  b u i l t  lo w -b a ck rro u n d  c e l l  a r e  d e s c r i b e d .
P r o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t in g  t e c h n i q u e s  a r e  used  
i n  an inv^^stig- t i o n  o f ,  and s e a r c h  f o r ,  n a t u r a l  r a d i o a c t i v e  
s p e c i e s  below a tom ic  number 8 2 .
- v i l -
ABSTRaOT ( g o n t !  nun 1.) .
The e x i s t e n c e  o f  tv'o y - r a y s  a t  0*81 0*01 Mev an î 1*44 —
0 .0 2  Mev i n  La-138 l e  co n f i rm e d .  No a n n i h i l a t i o n  q u a n ta  were 
o b s e rv e d .  O o i n c l i e nee s t u d i e s  show t h a t  t h e s e  y - r a y s  a r e  not 
i n  c a s c a d e  b u t  t h a t  th e  1*44 Mev t r a n s i t i o n  i s  i n  c o in c id e n c e  
w i t h  t h e  e l e c t r o n  ca^^ture b r a n c h ,  A p r e v i o u s l y  u n o b se rv e d  
3 - r a y  w i t h  maximum ene rgy  o f  20Ç -  10 Kev was d e t e c t e d .  The 
p a r t i a l  h a l f - l i f e  o f  ti ie e l e c t r o n  c a p tu r e  b r a n c h  i s  found  t o  
be  ( 1 . 6 4 -  0 .0 6 )  X 10^^- y e a r s .  rrom th e  p - r a y  s p e c i f i c  a c t i v i t y
t h e  h a l f - l i f e  i s  ( 4 .1  ^  0 ,7 )  x 10^^ y e a r s  and from t h e  0 , 8l  Mev 
y  - r a y  i s  ( 3 -5  -  0 . 3 ) x 10^^ y e a r s .  A l o g  f t  v a lu e  o f  19 i s  
c a l c u l a t e d  f o r  th e  3 b r a n c h  i n d i c a t i n g  t h e  t r a n s i t i o n  i s  3 rd  
f o r b i d d e n .
Two e x p e r im e n ts  were c a r r i e d  ou t  on I n  t h e  f i r s t
a h a l f - l i f e  o f  ( 4 . 0  ±  l . l )  x 10^^ y e a r s  was o b t a in e d  u s i n g  a
two in c h  Nal c r y s t a l  to  d e t e c t  t h e  y - r a y s  from a sarr^le  known
t o  c o n t a i n  t h e  norm nlly  e x p e r i e n c e d  amount o f  Uranium—Thoriom-
A c t in ium  s e r i e s ,  - s^ im p u r i ty .  L a t e r  a r e - i n v e s t i g a t i o n  o f  t h i s
i s o t o p e  u s in g  a c o m b in a t io n  o f  a 9 in c h  x 6 in c h  Nal c r y s t a l
w i t h  f i v e  k i lo g ra m s  o f  g r e e t r o g r a p h i c a l l y  -”u re  m a t e r i a l s ,  which
gave a f a c t o r  o f  t  wenty i n c r e a s e  i n  s e n s i t i v i t y  o v e r  th e  b e s t
o f  th e  p r e v io u s  met! odo, ^ ro v e d  th e  h a l t - l i f e  t o  be 1 . 8 — O.4 x
10^^^ y e a r s  f o r  n e g a t r o n  e m is s io n  and 9*6 t  1 .6  x 10^5 y e a r s  f o r
e l e c t r o n  c a p t u r e .  I t  i s  shown t h a t  th e  degre-* t o  w hich  n a t u r a l
uranium  and th o r iu m  occu r  i n  the  so u rce  m a t e r i a l  must be
a c c o u n te d  f o r  i n  he measurement o f  v e rv  ir.'^ery low s p e c i f i c  a c t iv .1t/r..
- v i l i -
ABS 'RACT ( C o n t in u e d ) .
The Im portance  o f  c o r r e c t i n g  f o r  ch an g es  In  th e  n a t u r a l  
background  s n e c t r u n  shape c a u sed  by th e  d l f  e r e n t  a b s o r p t i o n  
f o r  t h e  cosmic r a d i a t i o n  and l o c a l  r a d i o a c t i v i t y  i n  t h e  p r e s e n c e  
o f  l a r g e  amounts o f  sou rce  m a t e r i a l  a r e  em ph as ised .
A s e a rc h  was u n d e r ta k e n  f o r  Y - r a y s  o r  c o n v e r s io n  e l e c t r o n s  
w hich  may be a s s o c i a t e d  w i th  t h e  ex^ec ed ,  b u t  so f a r  un obse rved ,  
e l e c t r o n  c a p tu r e  b ra n c h  o f  b u - l / G .  I t  i s  co nc lud ed  t h a t  th e  
u^ '^^  e r  l i m i t  f o r  t '  i s  mode o f  decay  i s  ( 3 -  l)% . The h a l f - l i f e  
o f  th e  3 b ra n c h  o1 t a i n e d  v i a  m easurem ents  i t !  t h e  a s s o c i a t e d  
V—r a y s  i s  ( 2 ,1  — 0 , 2 ) x 10^^ y e a r s .
Among t h e  doub le  i s o b a r s  i n v e s t i g a t i o n s  on Od-113  and 
Sb-123 Blow t h e s e  t o  have minimum 3h a l f - l i f e s  o f  I . 3  x 10^5 yg^rE 
and 1 .3 2  X 10^^ y e a r s  r e s p e c t i v e l y .  A new v a lu e  o f  48O -  3^ Kev 
hps b e e n  o b t a i n e d  f o r  t h e  b e t a  d i s i n t e g r a t i o n  energy  o f  I n -115 
an 1 th e  h a l f - l i f e  con f irm ed  t o  be  6 .0  ± O.4 x 10“ 4 y e a r s .  The 
K e l e c t r o n  c a p tu r e  o f  Te-123  has  been  o b s e rv e d  f o r  t h e  f i r s t  
t im e .  A h a l f - l i f e  o f  1 .2 4  ±  0 .1 0  x 10^^ y e a r s  i s  c a l c u l a t e d .
The b e t a  decay o f  Re-187 has  b e e n  o b s e rv e d  to  have a maximum 
en e rg y  o f  1 .2  ±  0 .1 0  Kev and an e s t i m a t e d  h a l f - l i f e  o f  3 x 10^^ 
y e a r s .  T h is  i s  t h e  s o f e s t  3 - r a y  spec trum  e v e r  t o  be  d e t e c t e d .  
Lower l in i i  s f o r  gamna ra y  e m is s io n  from In -1 1 3 ,  Sb-1 2 3  and 
Te-123 a re  r e s p e c t i v e l y  1 .4  x 10^- y e a r s ,  1 .5  x 10^^ y e a r s  and
2 . X 10^^ y e a r s .
The s y s te m a t lc s  o f  n a tu ra l  oC-emitters aiiong the medium 
heavy e lem ents  are diBCUs«-ed and a p r o p o r t io n a l  counter  met?
—ix —
AbGTKjlOT (C o n t in u e  l ) .
PO/m e th o d  w i th  th e  p o t e n t i a l  o f  m easuringoc h a l f - l i v e s  u p  t o  10 
y e a r s  i s  d e s c r i b e d .  L i m i t a t i o n s  on t h i s  method a r e  t h e  l e v e l s  
o f  n a t u r a l  u ran ium , th o r iu m  and a c t in iu m  i^ p u r i t i e s ,  i n  most 
s u b s t a n c e s .
F i n a l l y ,  sug e s t i o n s  a r e  g iv e n  f o r  some f u t u r e  e x p e r i e m e n t s  
which  sh o u ld  c l a r i f y  th e  p o s i t i o n  r e g a r d i n g  fche n a t u r a l  
r a d i o a c t i v e  s u b s t a n c e s  b e l o - l e a d .  The s i g n i f i c a n c e  and 
p o s s i b l e  d e t e c t i o n  o f  Double B e ta  Decay i s  c o n s i d e r e d .
G harter 1.
IvTRODUJTlON.
1 .1  The S t a b i l i t y  o f  N u c le i .
I f  a c h a r t  o f  t h e  n u c l i d e s  i s  c o n s t r u c t e d  by p l o t t i n g  th e  
a tom ic  number Z, a s  t h e  o r d i n a t e  and th e  n e u t r o n  number, N, a s  
t h e  a b s c i s s a  i t  i s  a p p a re n t  t h a t  t h e  s t a b l e  n u c l i d e s  below A *= 36 
l i e  a lo n g  th e  l i n e  Z . For  h ig h e r  mass numbers t h e  s t a b l e  
n u c l e i  have a p r o g r e s s i v e l y  i n c r e a s i n g  n e u t r o n  e x c e s s .  The 
e x p l a n a t i o n  f o r  th . i s  d e v i a t i o n  from th e  N = Z l i n e  l i e s  i n  th e  
f a c t  t h a t  a s  A i n c r e a s e s  th e  number o f  p r o t o n s  (Z) i n  t h e  n u c le u s  
i n c r e a s e s  and t h e r e  i s  a c o r r e s p o n d in g  r i s e  i n  t h e  e l e c t r o s t a t i c  
r e p u l s i v e  f o r c e s  u n t i l  above Z = 82 i n s t a b i l i t y  r e s u l t s .  E xcess  
n e u t r o n s  a r e  requ ire  d t o  c o u n t e r a c t  th e  coulomb f o r c e s .
I t  i s  found^ ^ t h a t  among t h e  l i g h t  n u c l i d e s  (Z<2 0 ) th o s e  
w i t h  an e q u a l  number o f  p r o t o n s  and n e u t r o n s  a re  e x c e p t i o n a l l y  
s t a b l e  e . g .  He^, and A p l o t  o f  b i n d i n g  e n e rg y  p e r
p a r t i c l e  a g a i n s t  mas number sioms t h a t  much largo* e n e r g i e s  a re  
r e q u i r e d  t o  ex  r a c t  a p a r t i c l e  from tlv se n u c l e i  t l  an  f o r  h ig h e r  
Z i s o t o p e s  Peaks  w hich  o c c u r  i n  th e  cu rv e  a r e  c a u s e d  by th e  
com '^ le t ion  o f  n u c l e a r  s h e l l s  a t  he ’magic num bers’ o f  n e u t ro n s  
o r  p r o t o n s .  Above Z= 20 the  coulomb f o r c e s  become s i g n i f i c a n t  
and ac c o u n t  f o r  t h e  g r a d u a l  a v e ra g e  d e c r e a s e  i n  b i n d i n g  energy  
p e r  p a r t i c l e  as  Z i n c r e a s e s .
U n s ta b le  n u c l i d e s  l y i n g  above t h e ’ l i n e  o f  s t a b i l i t y ’ decay 
by [3"*" e m is s io n  o r  by e l e c t r o n  c a p t u r e  w h i l s t  hose  i elow th e
cu rv e  t r a n s f o rm  by 3*"-<^ecay f o r  c o n s t a n t  A v a l u e s  i . e .  th e  n u c l id e i
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/ nue11 l e s  t e n d  tow ard  g r e a t e r  s t a b i l i t y .
(p)An a l t e r n a t i v e  r e p r e s e n t a t i o n  " o f  t h e  s t a b i l i t y  c h a r a c t e r ­
i s t i c s  o f  n u c l e i  i s  g iv e n  by a t h r e e - d i m e n s i o n a l  p l o t  o f  Z# 
and t h e  t r u e  mass, M, o f  t h e  n u c l e u s .  F o r  o d i  A n u c l e i  t h e  
s e c t i o n  o f  tlie v a l l e y  w i th  t h e  u n s t a b l e  n u c l e i  on t h e  s l o p e s .
A c r o s s - s e c t i o n  o f  t l ie  v a l l e y  f o r  n u c l i d e s  w i t h  c o n s t a n t  A 
has a p a r a b o l i c  s h a r e  w i th  t i  e riinimun ’ o s i t i o n  (See f i g .  l )  
c o r r e s p o n d in g  t o  some v a lu e  o f  n u c l e a r  c h a rg e  2^ ^w hich  d e t e r m in e s  
th e  most s t a b l e  P o s i t i o n .  S in ce  t h i s  v a lu e  i s  u n l i k e l y  t o  be 
i n t e g r a l  t h a t  v a lu e  o f  Z which l i e s  n e a r e s t  t o  d e t e r m i n e s  th e  
s t a b l e  i s o b a r  o f  odd A, I n  a l l  c a s e s ,  w i t h  th e  e x c e p t i o n  o f  
Od-113 In -1 1 3 ;  Sb-1'^3 Te-123;  Re-187 O s-187 ,  t h e r e  i s  o n ly  one
s t a b l e  i s o b a r  f o r  e a ch  odd A. In  t h e  c a s e  o f  t h e  e ' ^ c e r t i o n s  i t  
i s  b e l i e v e d  t h a t  one o f  each  '^ a i r  i s  u n s t a b l e .  Te—123 and Re-187 
a r e  shown i n  t h i s  work t o  decay  by e l e c t r o n  c a p tu r e  and - re s p e c t -^  
i v e l y .  A lso  In -1 1 5  and R?)-87 a r e  p a r t  o f  n a t u r a l l y  o c c u r r i n g  
P a i r s  o f  odd A i s o t o p e s  - nd have been  v e r i f i -  d os u n s t a b l e .
For  even A n u c l e i ,  t h e  gra"^ l e a l  r e p r e s e n t a t i o n  r e v e a l s  th e  
0 ' d s . e n c e  o f  two p a r a b o l e s  -  one f o r  odd-odd n u c l e i  and one f o r  
e v e n -e v e n  n u c l e i ,  p  -d e c a y  e n e r g e t i c s  have p ro v e d  t h e s e  t o  be 
s e p a r a t e d  i n  e n e r r ^  by about  68 Mev and t o  spen t l :e  odd A curve  
w! i c h  comes i n  he mid l i e .  S in ce  die c u rv e  o f  e v e n -e v e n  i s o t o p e  
i s  a t  a lower mast o r  ener-;y l e v e l  hey a r e  more s t a b l e  and th e  
odd-odd n u c l i d e s  can  be e x p e c t e d  t o  be l e e s  s t a b l e .  The 
e x p l a n a t i o n  can  be found  i n  th e  V au l i  e x c l u s i o n  - p r i n c ip l e  where­
by two l i k e  p a r M c l e s  (c. g. e i t h e r  proLons o r  n e u t ro n s )  may/
>/may occupy th e  s a we n u c l e e r  en e rg y  s t a t e  p r o v id e d  t h e  wave
f u n c t i o n s  a r e  a n t l - s y m  e t r l c .  I t  f o l l o w s  t h a t  I s o b a r s  w i th
even numbers o f  n r o t o n s  and n e u t r o n s  w i l l  be  v e ry  s t a b l e  which
a c c o u n t s  f o r  t h e  s t a b i l i t y  o f  He^, and Og^. A lso  b e c a u se
o f  t h e  s a t u r a t i o n  c h a r a c t e r i s t i c  o f  n u c l e a r  f o r c e s  e a c h  nu c leo i t
i n t A r a c t s  s t r o n g l y  w i t h i n  t h e  s t a t e  and w eak ly  o u t s i d e  i t  t h u s
e y r l a i n i n g  t h e  i n c r e a s e d  s t a b i l i t y  o f  n u c l e i  i t h  c l o s e d  s h e l l s .
I f  two n e ig h b o u r in g  i n s o b a r s  have not  i d e n t i c a l  m asses  and
d i f f e r  i n  ch a rg e  by on ly  one u n i t  t h e n  one o r  o t h e r  n u s t  be
r a d i o a c t i v e  p r o v id e d  t h a t  M M i s  g r e a t e r  t h e n  t h e  en e rg yZ Z+*l
r e q u i r e d  to  remove a v a le n c y  e l e c ' r o n  from tl ie  atom w i t h  cha rge
Z4-1 i n  which c a se  3- d e c  ay i s  ’ o s s l b l e .  A l t e r n a t i v e l y  i f  -Z"#"l
M i s  g r e a t e r  t l ia n  t h e  K s h e l l  i o n i s a t i o n  p o t e n t i a l  o f  t h e  atom z
K e l e c t r o n - c a p t u r e  can  o c c u r .
S i m i l a r l y  i f  t  o s t a b l e  i s o b a r s  d i f f e r  i n  ch a rg e  by two 
u n i t s  t h e n  th e  o dd-od  i members o f  th e  n a t u r a l l y  o c c u r r i n g  t r i p l e  
i s o b a r s  e . g .  î t-40, V-50, L a-138 ,  h u -1/ 6 , and T a - l8 0 ,  a r e  e x p e c te d  
to  decay  by a -  and K c a p tu r e  r  s p e c t i v e l y .  A l l  o f  t h e s e  w i th  
th e  e r e n t  io n  o f  T a - l 80 have b e e n  p rov ed  a c t i v e .  I t  i s  
s i g n i f i c a n t  t h a t  many o f  h e se n a t u r a l l y  o c c u r r i n g  d o u b le  and 
tr i-r- le  i s o b a r s  a r e  c l o s e  t o  c l o s e d  n e u t r o n  o r  p r o t o n  s h e l l s .
TI 0 f o r e g o i n g  d i s c u s s i o n  i s  c o n s i s t e n t  w i t h  th e  f r e q u e n c y  
o f  o c c u r r e n c e  o f  t h e  v a r i o u s  s t a b l e  i s o t o p e s .  For exam ple ,  
t h e r e  a r e  thiree t im e s  a s  many ev en  A u c l i d e s  a s  t h e r e  a r e  odd 
A n u c l i d e s .  The number o f  n u c l e i  w i th  even  Z  and odd N i s  
abou t  e q u a l  t o  t h o s e  *^’l t h  od i Z  and even  N. A l l  n u c l e i  w i t h /
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/ ? b/ w i t h  even A have even  Z e x c e p t  th e  v e ry  l i g h t  i s o t o p e s  Ii‘^ ,  L i^ ,
and w h i l s t  e le m e n ts  w i t h  even  Z a l l  have many s p e c i e s  
w i t h  even  A b u t  o n ly  a few w i t h  odd A. No e lem en t  e x c e p t  t i n ,  
on t h e  c l o s e d  p r o t o n  s h e l l  a t  Z^gO, has  more t h a n  two i s o t o p e s  
o f  odd mass number. Odd Z e l e m e n t s  n e v e r  have more t h a n  two 
s t a b l e  i s o t o p e s  and t h e s e  a r e  a l l  odd mass numbers above N^^ 
w i t h  t h e  e x c e p t i o n  o f  T a - l 80 w hich  has  no t  y e t  b ee n  p ro v ed  t o  
be r a d i o a c t i v e . Above Z=/> t h e r e  a r e  no o id -o d d  s t a b l e  n u c l e i  
i n  n a t u r e  (once  a g a in  w i th  th e  e x c e p t i o n  o f  T a - l 8 o ) .
S t a t i s t i c s ^ ^ ^ o n  th e  r e l a t i v e  abundances  o f  t h e  i s o t o p e s  i s  
i n f o r m a t i v e  r e g a r d i n g  th e  s t a b i l i t y  o f  t h e  e l e m e n t s .   ^ oy e r  
f i n d s  t h a t  t h e  ipo to-n ic  abundances  a r e  no t  d i s t r i b u t e d  about  
th e  c e n t r e  f o r  s p e c i f i c  e l e m e n t s  and t h a t  t h e  lo w e s t  abundances  
o cc u r  on th e  n e u t r o n  d e f i c i e n t  s i d e .  The c o n c e n t r a t i o n s  f o r  t h e  
l i g h t e s t  o f  t h e s e  i s  < 2 ^  a l t h o u g h  t h e r e  a r e  e x c e p t i o n s  t o  th e  
r u l e  i n  the r e g i o n  o f  c l o s e d  s h e l l s  a t  N=5G and 82 , A lso ,  
e l e m e n ts  w i th  even  Z>40 have no abundances  > 35^  e x c e p t  S r -8 8 ,  
Ba-158 and Oe-140, e a ch  w i th  c l o s e d  n e u t r o n  s h e l l s .
I’he ave rage  number o f  s t a b l e  i s o t o p e s  f o r  odd n e u t r o n  
numbers i s  < 1 b u t  f o r  Ns^G t h e r e  a r e  s i x  and f o r  N=82 t h e r e  a r e  
seven .  The s t a b l e  calciur:i i s o t o p e s  w i t h  Z ^ O  Jiave a much 
l a r g e r  t h a n  u s u a l  mass range  o f  8 n e u t r o n s  and t i n  a t  Z»5G has 
t e n  i s o t o p e s  w i t h  a range  o f  l'^ n e u t r o n s .
To sum riarise ,  from q u a l i t a t i v e  r e a s o n i n g  i t  i s  deduced 
t h a t  one member o f  t h e  i s o b a r i c  p a i r s  R b -S r -B / ,  O d - I n - 113 ,
In-Sn—I l f , Ub—Te-123 and Re-Gs-187, sh o u ld  e u n s t a b l e  w i th
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/ w l t h  r e s p e c t  t o  3 -  o r  e l e c t r o n - c a p t u r e  t r a n s i t i o n s  and th e  odd- 
odd member o f  e a c h  s e t  o f  t r i n l e  I s o b a r s  v i z  K-40, V-50, La-138,  
L u-176 ,  T a - l 80 s h o u ld  decay t o  t h e i r  r e s p e c t i v e  e v e n -e v e n  
n e ig h b o u r s .
These c o n c l u s i o n s  can  be deduced from t h e  s e m i - e m p i r i c a l  
mass fo rm u la  d e s c r i b e d  i n  th e  f o l l o w i n g  s e c t i o n .
1 .2  The Senli-Enr' 1 r i c a  1 Formula,
The P a r a b o l i c - s h a p e d  c u r v e s ,  o b t a i n e d  by p l o t t i n g  e i t h e r  
b i n d i n g  ene rgy  aa -a ins t  th e  n e u t r o n  e x c e e s  -i-(N-Z), o r  t o t a l  mass 
w i t h  ch a rg e  num ler ,  f o r  any s e t  o f  i s o b a r s  i s  re '^ roduced  in  
s e v e r a l  o f  th e  s e m i - e m p i r i c a l  mass fo rm u la e ,  one o f  w hich  has  b ee n  
d e r i v e d  by W e iz sack e r .
I t  i s  assumed t h a t  th e  b i r id in g -e n e rg y  o f  th e  n u c le u s  i s  
c a u sed  by f o r c e s ,  an a lo g o u s  t o  th o s e  e x e r t e d  on a l i q u i d  d rop .  
G o n seq u e n t ly  t h e r e  i s  a v o lu rv ie - in u e rac t io n  te rm  =r A, caused  
by t h e  In te rn a l ly  s r t u r a  ,ed f o r c e s  a c t i n g  among n e ig h b o u r in g  
n u c l e i ,  which i s  dWilshied to  sone e x t e n t  by the  u n s a t u r a t e d  fo r c e s  
a t  t h e  s u r f a c e .  T h i s  l a t t e r  f o r c e  i s  a form o f  s u r f a c e  t e n s i o n  
and i s  r e p r e s e n t e d  by a term  p r o p o r t i o n a l  t o  th e  sq u a re  o f  t h e  
n u c l e a r  r a d i u s ,  i . e .  = ,
The e x i s t e n c e  o f  the  e l e c t r i c  ch a rg e  a s  o c i a t e d  w i t h  t h e  
p r o t o n s  i n  th e  n u c l e u s  c r e a t e s  coulomb r e p u l s i v e  f o r c e s  which 
f u r t h e r  d im in i s h  t h e  b i n d i n g  en e rg y .  T h i s  ch a rg e  I n t e r a c t i o n  
te rm  = a^ Z (Z—l )  A , where th e  A f a c t o r  e x p r e s s e s  th e  
dependence  o f  th e  e n e rg y  c o n t r i b u t i o n  on t h e  n u c l e u r  r a d i u s .
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In  a d d i t i o n  t o  t h e  f o r c e s  a n a lo g o u s  t o  t h o s e  e x p e r i e n c e d  
by a ch a rg ed  l i q u i d  drop t h e r e  a r e  two f u r t h e r  t e rm s  ca u sed  
by ^ u r e l y  n u c l e a r  e f f l e e t s .  These a r e
1) A te rm  t o  allo^" f o r  th e  e f f e c t s  o f  sym e t r y  p r o p e r t i e s
o f  th e  n u c l e a r  s t a t e s  and how t h e s e  a r e  m o d i f i e d  when t h e
number o f  n u c le o n s  i s  k ep t  c o n s t a n t  and t h e  n e u t ro n  e x c e s s  i s
v a r i e d .  T h is  i s  e x p r e s s e d  a s  “ and
A
2 ) A P a i r i n g  te rm  to  a l lo w  f o r  t h e  f a c t  t l a t  n u c le o n s  show 
a s t r o n g  i n t e r a c t i o n  i n  r ' e i r s  -o r  any g iv e n  k in d  a l t l  ough a 
p r o t o n  and n e u t r o n  do not  i n t e r a c t  ap r e c i a h ]y i n  d i f f e r e n t  
quantum s t a t e s .  For ev e n -e v e n  n u c l e i  t h e  term i s  + ^^4 ,
f o r  odd-odd = -  3/ ^  and f o r  o ld - e v e n ,  o r  even-odd  i s  z e ro .
Hence the  b i n d i n g  ene rgy  o f  a n u c le u s  can  be e x p r e s s e d  a s  
B(Z,N) =. By A — ag -  a^ Z (Z - l)A  (^ /2  "
Â
—3 /4-h ^  A e v e n -e v e n
even-odd  t .  0 o r  odd -ev en
- 3 / 4-  2T A odd-odd
A b e s t  f i t  to  th e  experimental l a t a  i s  g iv e n  by 
= 1 4 .0  Mev, =  1 4 .0  Mev, a = 0 . 6 I  Mev, a^ =  8 4 .2  Mev and 
34 Mev.
T h i s  e q u a t i o n ,  a p a r t  from th e  s " i n  te rm ,  i s  a q u a d r a t i c  i n  
Z f o r  a g iv e n  A and hence a p l o t  o f  B(Z,N) a g a i n s t  Z f o r  a s e r i e s  
o f  i s o b a r s  i s  a p a r a b o l a .
C o r y e l l e x p r e s s e s  th e  p a i r i n g  e n e rg y  s l i g h t l y  d i f f e r e n t l y  
to  h e lp  i n  d i s t i n g u i s h i n g  b e tw een  even Z, odd N and odd Z, even  N 
n u c l e i .
E N E M Y  OF
ooo- ooo
NUC1£ I  ,  /
E N C gO Y  O F  
O D D - EV EN  
AND e v e n  - O D D  
NUCLEI
35 45 N-: N -:
Fit I.
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I f  th e  p a l r ln f ?  en e rg y  f o r  two p r o t o n s  l e  27T, th e  u n n a l r e i  T* r o t  on
o f  an odd Z n u c le a e  w i l l  i n t r o d u c e  an i n e t a h i l l t y  te rm  o f  tt
compared to  th e  r a i r e d  te rm s  and s i m i l a r l y  t h e  odd n e u t r o n  l a
an  odd K n u c le u s  c o n t r i b u t e s  \) t o  i n s t a b i l i t y .  Hence tl ie
p a i r i n g  o r  s r l n  te rm s  a re  r e p r e s e n t e d  by
(7T-#-v>^2.T A even ,  N, Z a r e  odd.
17  ^ ^ T Aodd, Z odd and N even .( ^  -  T A odd, Z e v e n  and N odd.(C A,N,Z a r e  a l l  even .
I f  Bq and Z^ a r e  th e  minimum v a l u e s  o f  t h e  b i n d i n g  e n e rg y  and
th e  c h a rg e  ( n o n - i n t e g e r  In  t h i s  c a se )  on t h e  na r a b o la  t h e n  th e
t o t a l  ene rgy  f o r  1 - e m i s s i o n  i s  g iv e n  by
i -  (Zq -  Z -  0 .5 1 )  ^  ( a even ;  ev e n  Z t a k e s  th e  negatiwP s ign )
where ^  i s  t h e  d i f f e r e n c e  be tw een  t h e  two s u r f a c e s  ( f l g . l )
s i m i l a r l y  f o r  odd A s r e c i e s
-  Bq (Z^ — Z — O.Rl):^: (T—v^ )
I t  i s  a n r a r e n t  t h a t  t l  e c o n d i t i o n  f o r  s t a b i l i t y  o f  an  odd
A n u c l i d e  o f  even  charrre Z i s  s a t i s f i e d  i f  -O .H l  - i r-v>  ^ 2a -  Z<
Bo
0 #51 4- ^ A Hence i f  we assume th e  mass o f  t h e  n e u t r i n o  i s  
ze ro  t h e  o c c u r re n c e  o f  t'?o s t a b l e  i s o b a r s  o f  odd A d i f f e r i n g  i n  
ch a rg e  by one u n i t  i s  im -nossib le .
S i m i l a r  a rg um en ts  a p r l y  to  n r o t o n  and e l e c t r o i i - c a p t o r  a decay 
I n  th e  c a se  o f  even  A n u c l i d e s ,  th e  r e q u i r e m e n t  f o r  s t a b  11%
i s  tha:.  i f  ^ A y ^ ^  -  z /  - 0 ,5  t h e n  t h e  n u c le u s  i s  s t a b l e
and i f  < / ^ o  -  Z/ -O .5  t h e n  th e  n u c le u s  i n  u n s t a b l e .
/ bc
The sem l - e t r ro l r lc e l  mrss fo rm u la  n e r m l t s  a rough
c a l c u l a t i o n  o f  n u c l e a r  m asses  f o r  a l a r g e  number o f  n u c l e i .
however I t  d e v i a t e s  ma rked ly  from e x p e r i m e n t a l l y  m easured
a tom ic  m asses  i n  t h e  r e g i o n  o f  c l o s e d  s h e l l s  and i s
u n s a t i s f a c t o r y  f o r  many c a l c u l a t i o n s .
(5 )H a r r i s  B, Levy has d ev e lo p e d  a new e m p i r i c a l  mass 
e q u a t i o n  i n  w h ich  he t r e a t s  e a c h  s h e l l  r e g i o n  i n d i v i d u a l l y  
and t a k e s  i n t o  c o n s i d e r a t i o n  a l l  th e  l i n e a r  r e l  t i o n s h i n s  
b e tw een  and A, B and A f o r  c o n s t a n t  I ,  n e u t r o n  b i n d i n g  
ene rgy  and A f o r  c o n s t a n t  Z, t h e  p a r a b o l i c  r e lg t io n s h ip  là and 
Z f o r  c o n s t a n t  A, and th e  m a s s - d e f e c t  M-A and A c o n s t a n t  Z.
T h is  fo rm u la  i s  s im n ly  e x p r e s s e d  a s
M(U,V) = C p + C 2 V - V O ,  I I V ............. -
where Ü and V a r e  any two o f  t h e  q u a n t i t i e s  Z, N, A and I .
The mass d e f e c t  i s  e x p r e s s e d  i n  te rm s  o f  A and Z a s  
A M ( A ,Z )  \  Z + A2 + K Z^ + A ^ + T  - vi)
depends on w h e th e r  t h e  n u c l i d e  i s  odd-odd ,  ev e n -ev en ,  even-odd  
o r  o dd -even  and t h e  c o e f f i c i e n t s  a r e  ch o se n  t o  g iv e  a b e s t  f i t  
w i th  e x p e r im e n t ,  t h e r e  b e in g  a s e p a r a t e  s e t  f o r  each  s h e l l  
r e g i o n .  The c a l c u l a t e d  r e s u l t s  a r e  r e a e o n a b l y  a c c u r a t e  s in c e  
845  ^ a g r e e  t o  w i t h i n  O.25 Mev and 95?^  t o  w i t h i n  gOO Kev. In  
c a s e s  where doub le  o r  t r i p l e  i s o b a r s  e x i s t ,  B q un t ion  (3) i s  
some t imes u s e f u l  i n  p r e d i c t i n g  w h ich  n u c l i d e  w i l l  be th e  a c t i v e  
one.
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1 .3  N a t u r a l l y  O c c u r r in g  I s o b a r i c  P a i r s  and Tri-»^letB,
The p r e c e d i n g  d i s c u s s i o n  on n u c l e a r  s y s t e m a t l c s  h a s  
i n d i c a t e d  t h a t  i n  c a s e s  where i n s o b a r i c  d o u b l e t s  o r  t r i p l e t s  
e x i s t  i n  n a t u r e ,  t h e n  one i s o b a r  i n  e a c h  g roup must be 
r a ’l o n c t I v e .  I n  Tab le  I  a r e  l i s t e d  a l l  such g ro u p s  w i t h  Z<8 2 . 
(The w e l l -know n n a t u r a l  r a d i o a c t i v e  s e r i e s  frr>m and
232Th a r e  o m i t t e d  frnm t h i s  d i s c u s s i o n ) .
T a b l e d .
T r i p l e  I s o b a r s
-  4 ^  -  <=4 S ^ 7  -
t i 5“  .  v g  .  m J P  -  I n J l J
' ^ 11^  -
-  >•“71 -  ‘■‘■72 -  - e H 5"T -  "*75  -  ir He>»7 .  , . l g 7
S ince t h e s e  n u c l i d e s  o cc u r  n a t u r a l l y ,  I f  u n s t a b l e ,  th e y  
muet liave h a l f - l i v e s  t o  th e  o r d e r  o f ,  o r  g r e a t e r  th a n ^  th e  age 
o f  t h e  e a r t h  ( 2- 5 x lo 9 y e a r s ) .  Such slow decay r a t e s  w i l l  be 
c o n s i s t e n t  w i t h  c u r r e n t  p - d e c a y  th e o r y  o n ly  i f  th e  d i s i n t e g r a t i o n  
en e rg y  i s  v e ry  s m a l l  o r  i f  th e  t r a n s i t i o n  i s  h ig h l y  f o r b i d d e n  
o r  i f  b o t h  con l i t  in n s  ap'^ ly. The r e l e v e n c e  o f  th e  i n f o r m a t i o n  
wh ich can  be d e r i v e d  from an i n v e s t i g a t i o n  o f  t h e s e  n u c l i d e s ,  
may be more c l e a r l y  i n d i c a ' e d  w i t h  r e f e r e n c e  t o  a d e s c r i p t i o n  o f  
c o m p a ra t iv e  h a l f - l i v e s  and d e g r e e s  o f  f o r b i d d e n n e s e  i n  p - d e c a y  
t h e o r y .
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1 .4  F o rb id d e n  T r a n a l t l o j i s ( 6 ) .
F o rb id d e n  t r a n s i t i o n s  a r i s e  from tkie o m is s io n  o f  two sm a l l  
m agn i tude  e f f e c t s  i n  th e  f o r m u l a t i o n  o f  (3 —decay t h e o r y .  There  
a r e  l )  th e  ** s o u rc e  v e l o c i t y  e f f e c t s "  wh ich a r e  t h e  r e l a t i v i s t i c  
c o r r e c t i o n  te rm s  t o  th e  v e c t o r ,  t e n s o r  and p s e u d o - v e c t o r  forms  
o f  t h e  H a m i l to n ia n  ( a l t h o u g h  i t  i s  now th o u g h t  t h a t  o n ly  v e c t o r  
and a x i a l - v e c t o r  i n t e r a c t i o n s  o cc u r  i n p - d e c a y  th e  d i s c u s s i o n  i s  
u n a f f e c t e d )  and 2) th e  r e t a r d a t i o n  e f f e c ' . s  wh ich a r e  cau sed  by 
th e  v a r i a t i o n  o f  th e  l e n t o n  waves a c r o s s  t h e  n u c le u s .
I n  a l l o w e d p  -d e c a y  th e  r a  e i s  e m r e s e e d  a s  a f u n c t i o n  o f  
th e  m a t r i x  e l e m e n t s  Mp and i n  wliich t h e  second and h ig h e r  
o r d e r  te rm s  were assumed n e g l i g i b l e .  W h e n ^ J ,  t h e  change i n  
n u c l e a r  s n in  from t h e  i n i t i a l  t o  th e  f i n a l  s t a  e ,  i s  z e ro  and A ir , 
th e  change i n  r a r i t y  i s  - 1 ,  th e  f i r s t  o r d e r  te rm s  o f  th e  m a t r i x  
e lem en t  v a n i s h  and t h e  v e l o c i t y  i n t e r a c t i o n s  may c o n t r i b u t e  and 
p roduce  f o r b i d d e n  t r a n s i t i o n s .  S i m i l a r l y  t h e  l a r g e s t  
r e t a r l a t i o n  te rm  i n  t h e  e x p a n s io n  o f  th e  wave e q u a t i o n  v a n i s h e s  
u n l e s s  .3 1 and a t t  r  - i  and a l s o  i f  a t r a n s i t i o n  from an
i n i t i a l  t o  f i n a l  n u c l e a r  s t a t e  J-0->JsO o c c u r s .  T r a n s i t i o n s  
g overned  i n  t h i s  manner e r e  c a l l e d  f i r s t - f o r b i d d e n  t r a n s i t i o n s .
A pp ly ing  t h e  r e t a r d a t i o n  e f  e c t s  t o  t h e  v e l o c i t y  i n t e r a c t i o n s  
i n  t u r n ,  y i e l d s  s t i l l  more h ig l  l y  f o r b i d d e n  t r a n s i t i o n s .  The 
l a r g e s t  r e t a r d a t i o n  e f f e c ; . ,  n ^ l  on th e  v e l o c i t y  te rm  p ro d u c e s  
tw ic e  f o r b i d d e n  t r a n s i t i o n s  and each  s u c c e s s i v e  r e t a r d a t i o n  te rm  
r a i s e s  th e  " d e g r e e  o f  f o r b id d e n n e s s "  by u n i t y .  The p a r i t y
ch a rg e  a l t e r n a t e s  ■ i t h  s u c c e s s i v e  d eg r ee s  o f  f o r b id d e n n e s e .
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O on eeq uen t ly  f o r b i d d e n  d ec ay s  a r e  more s e n s i t i v e  t o  th e  
n a t u r e  o f  th e  tFieory t h a n  a r e  a l lo w e d  d e c a y s .
1 .5  S e l e c t i o n  R u l e s ^ ^ ) _
T ab le  I I .
o f  F o rb id  l e n n e ss P a r i t y  Charge So in Charge lo ît  f t
Allowed No o,r 1
1 s t Yes 0 , t  l , i 2 7t i
2 nd No t 2 , t  3 -  13
3 rd Yes -.18
4 t h No t 4 , t  5 23
1 .6  The C om pa ra t ive  H a l f - L i f e ( ^ ^ _
h t  t h e  p r o b a b i l i t y  p e r  u n i t  t ime t h a t  a n u c le u s  w i l l  unde rgow
p -d e c a y  i s  g i v e n  by th e  fo rm u la  X -  j  N(VV). dVi/^  where  N(W) i s  
th e  number o f  3 —r a y s  o b se rv e d  i n  th e  e n e rg y  i n t e r v a l  dW, T h is  
ca n  be e x p r e s s e d  i n  te rm s  o f  t h e  Fermi (Mp) and Gamnw-Te 1 l e r ( ^ ) 
m a t r i x  e l e m e n t s  a s
Cq/  /  f(Z,Wo) -  (')
where Op and Cq^  a r e  th e  P e r n i  and Gamow-Te l ler c o u p l in g  
c o n s t a n t s  and
W p* I °  pW(W^-W) P(Z,W ) dw.
2pV/(W^-W) i s  a s t a t i s t i c a l  w e i g h t i n g  f a c t o r  and F(Z,W) i s  th e  
coulmb c o r r e c t i o n  t o  th e  sp ec t ru m  shape .
Fo r  p o s i t r o n  decay  t h e  fo rm u la  i n  i d e n t i c a l  b u t  a n e g a t iv e  
v a lu e  o f  Z i s  u s e d .  (N orm ally  th e  h a l f - l i f e  i s  s h o r t e r  s in c e  K- 
c a p t u r e  w i l l  c o m p l e t e ) .  No n a t u r a l l y  o c c u r r i n g  p o s i t r o n  e m i t t e d
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/ e m i t t e r  has  b e e n  o b se rv e d  y e t .  I n  e l e c t r o n  c a p t u r e ,  however, 
th e  coulomb f a c t o r  I s  d i f f e r e n t  s in c e  t h e  decay r a t e  depends  on 
t h e  p r o p e r t i e s  o f  th e  e l e c t r o n  c lo u d  i n  he ne ighbourhood  o f  t h e  
n u c l e u s .  V a lu e s  f o r  f(Z,WQ) a r e  t h e r e f o r e  d i f f e r e n t  f o r  
and e l e c t r o n - c a p t u r e .  As t h i s  does  no t  a f f e c t  th e  q u a l i t a t i v e  
d i s c u s s i o n  b e in g  p r e s e n t e d ,  no f u r t h e r  r e f e r e n c e  w i l l  b e  made t o  
t h i s  i i f f e r e n c e  i n  t h e  t h e o r y .
The h a l f - l i f e  o f  a t r a n s i t i o n  i s  g iv e n  by t  % 
S u b s t i t u t i n g  t h e  v a l u e  f o r X  , from e q u a t i o n  ( l )  i t  i s  a n n a r e n t  
t h a t  *;t’ i s  a w id e l y  v a r y in g  f u n c t i o n  d ependen t  n th e  v a lu e  o f  
th e  e n d - p o in t  e n e rg y  . I t  i s  n o t ,  t h e r e f o r e ,  a s u i t a b l e
p a r a m e te r  f o r  c l a s s i f y i n g  th e  typ e  o f  t r a n s i t i o n  e . g .  a l lo w ed ,
1 s t  fo rb idden^e r t  and can  range  i n  v a lu e  from a lew secon ds  t o  
many y e a r s  f o r  an a l lo w ed  decay .  B ut ,  s i n c e  th e  m a t r i x  e lem en ts  
a r e  o f  th e  same o r d e r  o f  m agn i tude  f o r  e a c h  t r a n s i t i o n ,  th e  
p r o d u c t  * f t * -  pB ^ i s  a p p r o x im a te ly  a c o n s t a n t .
B i s  a c o n s t a n t  d e r i v e d  from e q u a t i o n  ( l )  and *x’ =  = ( l -C p )
i s  t h e  f r a c t i o n a l  ad m ix tu re  o f  t h e  r e s p e c t i v e  I n t e r a c t i o n s .
The p ro d u c t  ’ f t *  i s  c a l l e d  th e  c o m p a r a t iv e  h a l f - l i f e .
S ince  i t  i s  a lm o s t  a c o n s t a n t  f o r  a p a r t i c u l a r  d eg r e e  o f  
f o r b i d d e n n e s s  i t  p r o v i d e s  a •poss ib le  method o f  c l a s s i f y i n g  th e  
t y ^ e  o f  t r a n s i t i o n .  I t  can  v a r y  on ly  b e c a u s e  o f  any changes  i n  
th e  m a t r i x  e l e m e n t s .
I n  p r a c t i c e  i t  i s  found t h a t  th e  f t  v a l u e s  may v a r y  by as  
much a s  a f a c t o r  o f  5^0 where as  a d i f f e r e n c e  o f  103 -  10'^ i s  
e x p e c t e d  be tw een  each  d e g r e e  o f  f o r b i d d e n n e s s .  Am b iguity  i s
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/ l e  t h e r e f o r e  no b B ib le  and. hence th e  ’ f t *  v a lu e  above i s  no t  
s u f f i c i e n t  t o  a l l o c a t e  th e  t r a n s i t i o n  t y p e .  However when 
comb ined w i t h  th e  r a r i t y ,  t h e  d a  s s i f i c a t i o n  can  be  made u n i q u e ly  
s i n c e  t h i s  d i f f e r e n t i a t e s  b e tw e en  two d e g r e e s  o f  f o r b i d d e n n e s s  
and a f a c t o r  o f -^10^ e x i s t s .  I n f o r m a t i o n  on th e  s r e c t ru m  
s h a r e  would a l s o  h e lp  s in c e  t h i s  i s  v e r y  d i f f e r e n t  f o r  a l low ed  
and say ,  second f o r b id d e n .  P a r i t y  i s  a c c u r a t e l y  p r e d i c t e d  
by th e  s h e l l  model f o r  odd A n u c l e i  and r e a s o n a b l y  w e l l  f o r  
even  A,
Normally  th e  ’ f t ’ v a lu e  i s  e x p r e s s e d  a s  a l o g a r i t h m .  The 
v a r i o u s  c l a s s i f i c a t i o n s  a r e  l i s t e d  i n  T ab le  I I .
A know ledge o f  th e  n u c l e a r  s p in  and r a r i t y  change s p e c i f i e s  
t h e  deg ree  o f  f o r b i d d e  nness  u n i q u e ly  w l . ich In  t u r n  i n d i c a t e s  
th e  l o g  f t  v a lu e .  E x p e r im e n t a l  r e s u l t s  g e n e r a l l y  sur-^ort  th e  
c l a s s i f i c a t i o n  o f  th e  f t  f^rou-^s a l th o u g h  t h e r e  i s  o n jy  one 
measuremen t  o f  a f o u r t h  f o r b i d d e n  t r a n s i t i o n  i . e .  I n - 115 . Two 
o t h e r  p o s s i b l e  f o u r t h  f o r b i d d e n  decay s  a r e  V-50 and Od-113 . 
A l t e r n a t i v e l y  i f  th e  s p in  o f  e i t h e r  th e  i n i t i a l  o r  f i n a l  s t a t e s  
o f  t h e  n u c l e i  i s  deduced o r  known t h e n  a m easure  o f  th e  f t  
v a lu e  e n a b l e s  d e d u c t io n  o f  t h e  s p in  o f  th e  unknovn s t a t e .
The l o g  f' t  v a lu e  i s  c a l c u l a t e d  from measuremen t  o f  th e  
decay ene rgy  and th e  h a l f - l i f e  b u t  i n  some c a s e s  i t  i s  d i f f i c u l t  
t o  e s t i m a t e  th e  t o t a l  d i s i n t e g r a t i o n  en e rg y  e . g .  i n  e l e c t r o n -  
c a r t u r e  t r a n s i t i o n s  o r  i n p  - d e c a y  w i t l i  v e ry  low s p e c i f i c  a c t i v i t y  
Under t h e s e  c i r c u m s t a n c e s  i f  t h e  d eg ree  o f  f o r b i d d e n n e s s  can  be
deduced ,  assun-n t lon  o f  th e  loi? f t  o e r m l t s  c e l c u l -  t l o n  o f  t h e /
-1 4 -
/ t h e  a v a i l a b l e  e n e rg y  p ro v id e d  the  h a l f - l i f e  i s  m e a s u ra b l e .  A 
s tu d y  o f  t h e s e  h i g h l y  f o r b i d d e n  d e c a y s ,  t h e r e f o r e ,  e n a b l e s  th e  
d e d u c t i o n  o f  mass d i f f e r e n c e s  be tw een  n u c l e i  i n  r e g i o n s  where 
a c t u a l  m asses  have no t  y e t  b e e n  m easured. T h is  can  r i rov ide  
u s e f u l  i n f o r m a t i o n  n e a r  th e  c l o s e d  p r o t o n  s h e l l  2 = 5^ (In-Snr-llÇ» 
ob-Te-123)  n n l  t h e  c l o s e d  n e u t r o n  s h e l l  a t  N= 82 (L a -1 3 8 ) .
F i n a l l y ,  s i n c e  i n  a l l  th e  c a s e s  l i s t e d  in  T ab le  I  th e  h a l f -
l i v e s  a r e  kno rn  t o  be /g rea te r  t h a n ,  o r  t h e  o r d e r  o f ,  th e  age o f
th e  e a r t h  some o f  t h e  decay c h a r a c t e r i s t i c s  w i l l  be a n n l i c a b l e
t o  m ethods o f  r a d i o a c t i v e  d a t i n g . ^9*^3 ) e . g .  K-40 i s  known t o
decay to  A-40 w i t h  a h a l f - l i f e  o f  1 .3  % 109 y e a r s  and measuremen t
o f  th e  r a t i o  ”  / A—40 by atoms n r o v i d e s  a me thod o f  c a l c u l a t i n g
th e  age o f  p o t a s s i u m  b e a r i n g  r o c k s .  F o r  such c a l c u l a t i o n s  an
a c c u r a t e  know ledge o f  th e  decay scheme i s  e s s e n t i a l .  R b-S r-87
and more r e c e n t l y ,  H e-O s- lB /  have a l s o  b ee n  u sed  f o r  t h i s  o u rn o s e .
1 .7  Review o f  t h e  P r e s e n t  F o e i t  on,( a ) T r l n l e  Iso t ia rB .
.  C.40
K-40 decay s  t o  th e  f i r s t  e x c i t e d  s t a t e  (2 -t) o f  A-40 by e l e c t r o n  
c a p t u r e  and t o  th e  g round s t a t e  o f  Ca-40 by ^ - e m i  s s i o n .
Two com-n letely in d tn e n d e n t  methods have b e e n  u sed  t o  measure 
t h i s  b r a n c h in g  r a t i o .  The f i r s t  in v o l v e s  a s s a y i n g  th e  amount 
o f  Argon and Ca lc ium  n reduced  by th e  decay  i n  '’^ o tass ium  b e a r i n g  
m i n e r a l s . ( 9 *1 4 , 15 ) Such ro c k s  mus t be v e ry  c a r e f u l l y  s e l e c t e d  a s  
t h e  s l i g h t e s t  n o r o s i t y  may n e r m i t  a l e a k a g e  o f  a rg o n  g as  wh ich 
w i l l  im**^ ly a low B . C . /  r a t i o .  O the r  f a c t o r s  w h ich  can  l e a d  t o /
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/ t o  a low r e s u l t  a re  cau sed  by Incom p le te  gas  e x t r a c t i o n  from 
t h e  r o c k s  and l o s s e s  by gas  a d s o r n t i o n  d u r i n g  t h e  p l i y s i c a l  
h a n d l in g  o f  th e  m inu te  amount o f  a rg o n  T^roduced. The r e s u l t s  
f o r  th e  b r a n c h in g  r a t i o  o b t a i n e d  by t h i s  metl^od ran g e  from 0 ,0 5  
t o  0 ,1 2  w i t h  an  a v e ra g e  v a lu e  abou t  0 ,0 9 .  S ince  any e r r o r s  a r e  
e x p e c t e d  t o  n roduce  a low r e s u l t ,  th e  0 ,1 2  v a lu e  i s  more l i k e l y  
t o  be c o r r e c t .
P r o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t i n g  t e c h n i q u e s  were 
a p p l i e d  i n  th e  second  m e th o d . (^ ^ # ^ 7) The c h a r a c t e r i s t i c  X-rays 
and a u g e r  e l e c t r o n s  r ro d u c e d  i n  t h e  t r a n s i t i o n  have no t  y e t  b e e n  
o b s e rv e d  a s  th e y  o n ly  have a few e l e c t r o n  v o l t s  o f  e n e rg y  and 
a r e  sune r in r ro sed  on th e  (3- r n y  con t inuum . C o n seq u en t ly  the  m a in 
e f f o r t  has  b e a n  c o n c e n t r a t e d  on o b s e r v a t i o n s  o f  th e  - r a y  a r i s i n g  
from t h e  d e - e ' ^ c i t a t i o n  o f  th e  A-40 f i r s t  e x c i t e d  s t a t e .  Nal(T^) 
c r y s t a l s ,  e i t h e r  d i r e c t l y  c a ^ d b r a t ^ d  by c a l c u l a t i o n  o r  
i n t e r p o l a t i o n  from i s o t o p e s  o f  kno n decay  schemes and 
e f f i c i e n c i e s  o r  by d i r e c t  com pa r ison  v / i th  a Y - r a y  e m i t t e r  w i th  a 
s i m i l a r  ene rg y  and known d i s i n t e g r a t i o n  r a  e .  Measuremen t  o f  
th e  (1- a c t i v i t y  i n  g e i g e r  o r  p r o p o r t i o n a l  c o u n t e r s  p r e s e n t s  few 
d i f f i c u l t i e s .  B a c k se a t  e r i n g  and so u rce  a b s o r p t i o n  a r e  tlie main 
u n c e r t a i n t i e s  a l t h o u g h  th e  com pa r ieon me thod w i t h  Na-24 used  by 
McNair e t  a l ^ ^ ^ ^ t o  measure t h e  r a t i o  surm oun ts  t h e s e .
The c o u n t in g  me thods a r e  now in  r^ 'a so nab le  ag reem en t  t h a t  
th e  b r a n c h in g  r a t i o  i s  0 .1 2  ±  0 , 01 . T h i s  r e s u l t  a g r e e s  w i th  
t h e  l a r g e s t  v a lu e  o b t a i n ' d  by th e  g e o l o g i c a l  methods.
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As t h i s  n u c l i d e  was th e  s u b j e c t  o f  I n v e s t i g a t i o n  e lse w h e r e
In  t h i s  l a b o r a t o r y ^ n o  exne r lm '^n ta  were  a t t e m p t e d  by  th e
a u t h o r .
2. Tl^O -  _  O v l l
Tha t  th e  odd-odd n u c l id e  V-50 I s  r a d i o a c t i v e  I s  i n d i c a t e d
( 18)by t h e  mass m easurem en ts  o f  Johnson  w h ich  i n d i c a t e  an 
a v a i l a b l e  en e rg y  o f  2 .3 9  -  0 .1 2  Mev f o r  decay  t o  Ti-ÇO a n i  1 . 1 9 1  
0 ,1 2  Mev f o r  decay t o  Or-50.
Th ene rgy  o f  t h e  f i r s t  e x c i t e d  s t a t e  ( 2+) o f  T i - 5 0  I s  w e l l
e x t a b l i s h e d .  81 n c l a l r ^ ^9 ) m easured t i  l s  l e v e l  t o  be a t  1 .595  -  
0 , 1 4  Mev by n e u t r o n  e x c i t a t i o n .  T h i s  i s  i n  good ag reem en t  w i t h  
t h e  l e v e l  a t  I . 5 8  -  O.06 liev o b t a i n e d  by P i e n e r ^ ^ ^ ^ i n  195^ and 
th e  o b s e r v a t i o n  o f  a 1 .5 9  f'»GV s t a t e  i n  t h e  decay o f  Sc-50 by 
M arinaga^” ^ ^ .
The f i r s t  e x c i t e d  s t a t e  (2+) o f  C r-50  has  a l s o  b e e n  
m easured  by S i n c l a i r  to  be a t  787 — 10 Kev. Van P a t t e r ' ^ ^ ^  
has  v e r i f i e d  t h e  e x i s t e n c e  o f  t h i s  l e v e l  and q u o te s  a v a lu e  
o f  780 ± 3 Kev.
S ince  th e  g round  s t a t e  s p in  o f  V-50 i s  ( 6+) can
be c o n c lu d e d  t h a t  V-50 shou ld  decay by e l e c t r o n  c a p t u r e  
t r a n s i t u  w i th  ^  1=4 , no, t o  th e  1 .5 9  l e v e l  i n  T I -5 0  and by 
b e t a  e m is s io n  i t h  A l » 4 * n o , t o  th e  Kev l e v e l  o f  Or-fO. 
Assuming each  o f  t h e s e  t r a n s i t i o n s  t o  be f o u r t h  f o r b i d d e n  w i t h  In 
l o g  f t  23 t h e n  h a l f - l i v e s  o f  t h e  o r d e r  o f  10^^ y e a r s  ca n  be 
e x p e c t e d .
As t h e  l e v e l  i n  C r-50 was no t  d i s c o v e r e d  u n t i l  1957, t h e /
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/ t h e  e a r l i e r  e x p e r im e n ts  were d e s ig n e d  t o  o b se rv e  th e  e l e c t r o n -
cap tv i re  b ra n c h  t o  Ti-5^^ and i t s  a s s o c i a t e d  1 .5 9  )' G^V gamma-ray.
î ie in tz e^^ ^^  s e a r c h e d  f o r  th e  4 -5  x - r a y s  from a so u rce  o f
fe r ro v a n a d iu m  s u r ro u n d in g  a g e i g e r  c o u n t e r  and q u o t e s  a minimum
h a l f - l i f e  o f  3 x l0^4  y e a r s .  Ho^^ever t h e  so u rce  u se d  was found
t o  c o n t a i n  some c o n t a m in a t i o n  and a l s o  no c o r r e c t i o n s  ap p e a r  t o
have b e e n  made f o r  t h e  f a c t s  t h a t  o n ly  a sm a l l  f r a c t i o n  o f  th e
2x - r a y s  co u ld  e sc a p e  from a t h i c k  sou rce  (Zyÿ from a 10 mgm/cm 
so u rc e )  and t h e  f l u o r e s c e n t  y i e l d  I s  25y . Hence th e  low e r  
l i m i t  deduced from th e  e x p e r im e n t  I s  c o n s i d e r a b l y  s h o r t e r  t h a n  
t h a t  c la im e d  by H e in t z e .
B a u m ln g e r  and Oohen^^^^ u s i  ng a N a l(T l )  gam a - r a y  
s p e c t r o m e te r  and p;00 grams o f  VpO d ) t a in e d  an  e x c e s s  o f  c o u n ts  
i n  t h e  1 .5 9  r e g i o n  wl ici^ i n d i c a  ed a h a l f - l i f e  o f  (4 .82:1 .2)  x 
10^^ y e a r s .
The f i r s t  p a p e r  on V-50 (C h a n t e r  3) d e s c r i b e s  an  ex p e r im en t  
d e s ig n e d  t o  d e t e c t  t h e  1 .5 9  • e v î T - r a y s  and so c o n f i r m ,  o r  
o t h e r w i s e ,  B a u m l n g e r ’ s r e s u l t s .  A s e a r c h  a s  a l s o  u n d e r t a k e n  
i n  t h i s  work f o r  t h e  ^ - r a y s  wt i c h  were e x p e c t e d  t o  in v o lv e  a
t ran s i t io n  t o  t h e  g round s t a t e  o f  C r-50  s in c e  t i  e 1 s t  e x c i t e d  
s t a t e  a t  780 Kev was no t  known a t  t h a t  t im e .  No p r e v i o u s  
a t t e r î î ts  had b e e n  ma le to  o b se rv e  th e  - r a y s .
The i d e n t i f i c a t i o n  o f  th e  f i r s t  e x c i t e d  s t a t e  o f  Cr-50 a t  
787 Kev p ro v id e d  a n o th e r  p o s s i b l e  method o f  d e t e c t i n g  t h e  ^
(27)b r a n c h  v i a  tI i s ' V - r a y .  C o n seq uen t ly  McNair, * u s i n g  a l a r g e  
4&'* X 4*^ ’* N a l ( T l )  o p e r a t e d  w i th  a r i n g  o f  g e i g e r  c o u n t e r s  I n /
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/ i n  a n t l - c o l n c l d e n c e  t o  red u ce  t h e  b ac k g ro u n d ,  r e c o r d e d  t h e
'^ -B pec t rum  from a 500 gm sn u rce  o f  V O ,  The h ig h  d e t e c t i o nd 5
e f f i c i e n c y  mf t h i s  l a r g e  c r y s t a l  comb ined w i t h  th e  low back ­
g round makes t h i s  a v e r y  s e n s i t i v e  a r ra n g e m e n t .  No a c t i v i t y  
wae d e t e c t e d  and l o w e r - l i m i t s  o f  8 x10^5 y e a r s  and 1 . 2 x10^^ y e a r s  
were found  f o r  th e  h a l f - l i v e s  o f  t h e  1 .5 9  and O.78 Mev
- r a y s  r e s p e c t i v e l y .  As no c o r r e c t i o n s  were made f o r  th e  
s h i e l d i n g  e f f e c t s  o f  th e  so u rce  i n  McNair’ s ex p e r im e n t  i t  was 
d e c id e d  t o  make a new e x a m in a t io n  u s i n g  a s t i l l  r.iore s e n s i t i v e  
t e c h n i q u e  wh ich had become a v a i l a b l e .  In  t h i s  method f i v e  
kilog rnmR o f  s p e c t r o g r a p h l c a l l y  p u re  vanaduim m e ta l  were p l a c e d  
round a v e ry  l a r g e  sodium io d id e  c r y s t a l .  I t  i s  e s t i m a t e d  t h a t  
a f a c t o r  o f  tw en ty  i n c r e a s e d  i n  s e n s i t i v i t y  o v e r  p r e v i o u s  
e x p e r im e n ts  i s  a t t a i n e d  w i th  t h i s  a r ran g em en t  and t h a t  any 
gemi a  a c t i v i t y  from V-50 w i th  a h a l f - l i v e  < 2x10^7 y e a r s  shou ld  
be d e t e c t a b l e .  P a r t i c u l a r  a t t e n t i o n  was p a i d  t o  t h e  a c c u r a t e  
measuremen t  o f  th e  backg round  sp ec t ru m  w h ich ,  a s  w i l l  be shown, 
can  g iv e  r i s e  t o  ambi^mous e f f e c t s .
3.
Gamma a c t i v i t y ,  a t t r i b u t e d  t o  be  a s s o c i a t e d  w i t h  th e  r a d i o #  
a c t i v i t y  o f  T-ÆI-I38, was f i r s t  o v s e rv e d  by P r i n g l e  e t  a l ^ ‘"^^and 
s u b s e q u e n t l y  t h r e t  Y - r a y s  o f  e n e r g i e s  0 . 535# O.8O7 and 1 .3 9  
were r e p o r t e d ,  th e  l a t t e r  b e in g  c o n s i d e r e d  t o  be  a c r o s s - o v e r  
t r a n s i t i o n .  I t  was a l s o  p ropoe^d  t h a t  t h e  f i r s t  and s e c o n d /
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/ second e x c i t e d  s t a t e s  o f  Ba-138 we re  O.8O7 and 1 .3 9
r e s p e c t i v e l y  above t h e  ground s t a t e .  However, t h e  e x i s t e n c e  o f
a l e v e l  a t  O.807 Mev i s  no t  s u p p o r t e d  by s u b se q u e n t  i n v e s t i g a t i o n
o f  t h e p  - d e c a y  o f  O s - 1 3 8 . T h e  p o s s i b i l i t y  o f  e l e c t r o n
c a p t u r e  t o  b o th  t h e s e  e x c i t e d  s t a t e s  was i n d i c a t e d  and
decay t o  e i t t i e r  o f  t h e  e x c i  ed s t a t e s  o r  t o  t h e  ro*ound s t a t e
was no t  e x c lu d e d .  N e i t h e r  y  o r  K- ^  c o i n c i d e n c e  e x p e r im e n ts
were a t t e m p t e d .  A h a l f - l i f e  o f  2 .0  x 10^^ y e a r s  was s u g g e s t e d .
(29)I n  a r a t h e r  i n s e n s i t i v e  e x p e r im e n t ,  P r i n g l e  e t  a l
a s s i g n e d  an up-'^er l i m i t  o f  12 c o u n ts /m in /g r a m  o f  La^ 0^ t o  th e
number o f  e l e c t r o n s  o r  p o s i t r o n s  e m i t t e d  w i t h  e n e rg y  > 1 0 0  Kev.
W ith th e  a i d  o f  a l a r g e  p r o p o r t i o n a l  c o u n t e r ,  M ulho l land  and
Kolman^^^^ r e p o r t e d  [S -em is s io n  o f  maximum e n e rg y  ( l . 0±0 . 2 ) Mev,
measured by alum in ium  a b s o r p t i o n  m e thods ,  and a p a r t i a l  h a l f -
12l i f e  o f  1 .2  X 10 y o a r s .  I n  v i e x  o f  th e  d i f f i c u l t i e s  ca u se d  
by d i f f e r i n g  c o n t a m in a t i o n  o f  t h e i r  a b s o r b e r s ,  t i d e  r e s u l t  
seemed somei^het u n c e r t a i n .
A com p le te  i n v e s t i g a t i o n  was u n d e r t a k e n  i n  th e  p r e s e n t  work 
i n  an  a t t e m p t  t o  e s t a b l i s h  a decay  scheme by d e t e c t i o n  o f  t h e  
3^and r a d i a t i o n  and by c o in c id e n c e  e x p e r im e n t s .  I n  p a r a l l e l  
w i th  t h i s  s tu d y ,  T u r c h in e t z  and P r i n g l e  (Augus t  19^ 6 , Phys .  Rev. 
101. 1000) re -e x a m in e d  t h e V - s p e c t r u m  o f  La-138 and made some 
c o in c id e n c e  m easurem en ts .  T h e i r  r e s u l t s  and t ' o s e  d e s c r i b e s  
i n  C h a p t e r  3 a r e  i n  good ag reem en t .
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R ecen t  I n v e s t l g a t l o n s ^ ^ ^ ’ ^ ^ ’ ^^^have c o n e l u s l v e l y  co n f i rm e d  
t h e  (!>- d e c a y  scheme o f  n a t u r a l l y  r a d i o a c t i v e  L u - l /G  f i r s t
(19)s u g g e s t e d  by Gold h a b e r  and I i l l  "  ^ on t h e  b a s i s  o f  u n n u b l is l i e d  
work by S c h a r f f —G o ld h a b e r i '  81 nee L u -1 /6  i s  an odd-odd
n u c l i d e ,  e l e c t r o n  c a p t u r e  decay may a l s o  be e x r e c t e d  b u t  i t  was
(12)no t  o b s e rv e d  by S c h a r f f -G o ld h a b e r  o r  by Arno ld'-^  who co n c lu d ed  
t h a t  t h e  i n t e n s i t y  i s  < 10,^  o f  t h e  j i - r a y é .  From an e x a m in a t io n  
o f  th e  L x - r a y  p ea k ,  D ixon e t  a l ^ 34) t e n t a t i v e l y  p ro p o se d  t h a t  
o f  th e  d i s i n t e g r a t i o n s  to o k  ^ l a c e  by e l e c t r o n - c a p t u r e .
S ince t h e  g round s t a t e  s-^in o f  L u -1 /6  i s  10, i t  i s  u n l i ’ e l y  t h a t  
e l e c t r o n - c a p t u r e  c a n  o cc u r  t o  t h e  r?round s t a t e  o f  Yl^^iyG wh ich 
has  z e ro  s ^ i n .  Hence a s e a r c h  was u n d e r t a k e n  f o r V - r a y s  o r  
c o n v e r s i o n  e l e c t r o n s  wh ich c o u ld  be a t t r i b u t e d  t o  an e l e c t r o n -  
c a p t u r e  b r a n c h .
-  T . l f  -  « I f/*- 73 74
The e x i s t e n c e  o f  T a - l8 0 ,  w i t h  v e r y  low abundance ( 0 . 0123^)  
i n  n a t u r a l  t a n t a lu m  was on ly  r e c e n t l y  d i s c o v e r e d  (1955) Ly Wh ite/ -y —7 Tf Q1e t  a l^ ^ ^ * ^  u s i n g  a tv/o s t a g e  mass s p e c t r o m e te r .  C a l c u l a t i o n s  
from t h e  s e m i - e m p i r i c a l  mass e q u a t i o n  i n d i c a t e  t h a t  T a - l 80 has
1 .7  Mev a v a i l a b e  e n e rg y  f o r  e l e c t r o n  c a p t u r e  decay t o  H f - l 80 and
0 .2  Mev.|orfidecay t o  VI/-18O. I3b e r h a r d t  e t  co nc lu de  t  a t  th e
low e r—l i m i t  h a l f - l i f e  i s  10 ^ y e a r s  i n  thie o n ly  s e a r c h  f o r  
a c t i v i t y  made so f a r .
I t  i s  i n t e n d e d  t o  examine t h e  y - s p e c t r u r .  from t h i s  i s o t o p e  
i n  th e  n e a r  f u t u r e .
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(B) Double IBobarc,
1, R b -S r -8 7 .
Rb—87 decay s  byp - e m i s s i o n  t o  S r -8 7 .  The t r a n s i t i o n  i s  
3 r d  f o r b i d d e n  non -un iqu e  w i t h  ^  1*3> y<^s.
L ibby and Lee^^-O) ghowed RI^ -87 t o  be t h e  a c t i v e  i s o t o p e  i n  
1939* B k lund^^^^u s ing  an a b s o r p t i o n  t e c  n ique  t o  m easure  th e  
p - a c t i v i t y  c o n c l u ’ed th e  spec t rum  was p u re  and t h e r e  were no 
a s s o c i a t e d  ^ - r a y s .  T h is  was l a t e r  v e r i f i e d  by McGregor and 
VV iedehbeck^^^who p ro v e d  by c o in c id e n c e  m e thods t h a t  th e  
t r a n s i t i o n  i s  t o  t h e  g round s t a t e  o f  ü r - 8 7 .  The re  was c o n s i d e r ­
a b l e  d o u b t ,  however,  about t h e  v a lu e  o f  th e  p - r a y  raaximum en e rg y  
w h ich was a l l o c a t e d  v a l u e s  v a r y i n g  be tw een  I3O-560 Kev. L a t e r  
work by C u r r a n ^ u s i n g  a l a r g e  p r o p o r t i o n a l  c o u n t e r ,  Lew is^^^^ 
w i t h  a rub id ium  i o d i d e  c r y s t a l ,  and M cG rego r^^^^by^ - r a y  
s p e c t r o m e t r y ,  agr^=*ed t h a t  = 27^ Kev. T h is  has  s i n c e  b een  
c o n f i rm e d  by F ly nn  and G len d en in .  ^46)
P a r t i c u l a r  i n t e r e s t  i s  c o n c e n t r a t e d  on th e  u se  o f  KV)—87 
a s  a method o f  d a t i n g  a n c i e n t  m i n e r a l s  and r o c k s .  To do t h i s  
an  a c c u r a  e kno^ l e d g e  o f  t h e  h a l ^ - l i f e  i s  n e c e s s a r y  and p r e s e n t  
work has  been  g u id ed  to w a rds  t h i s  end .  R e s u l t s  f o r  t h e  h a l f -  
l i f e  o b t a i n e d  by a p p l y in g  ch e m i c a l  and masr spec t ro g te ap h ic  
method» t o  d e t e rm in e  th e  r a t i o  i n d i c a t e  a c o n s i s t e n t  v a lu e
of/V 5  X 10^^ y e a r s .  ^47) When t h i s  v a l u e  i s  used  i n  c a l c u l a t i n g  
th e  a g e s  o f  r o c k s  good ag reem en t  w i t h  t h e  r e s u l t s  g iv e n  by th e  
U ran ium-Lead and Po tass ium -A rgon  d a t i n g  i s  a t t a i n e d .
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When c o u n t i n g  me thods a r e  u sed  t h e  h a l f - l i f e  i s  found 
t o  v a r y  be tw een  4 .3  end 6 . 4  x 10^^ y e a r s .  J u r r a n ( 43 ) h as  
fo und  t h a t  th e  b e t a  spec t rum  m easured i n  a p r o p o r t i o n a l  c o u n t e r  
w i t h  a s o l i d  s o u rc e  h as  no maximum, t h e r e  b e i n g  a v e r y  l a r g e  
number o f  low en e rg y  e l e c t r o n s  w h i l s t  McGregor and Wiedenbeck^'^'^^ 
i n  a t  i n  l e n s Û- r a y  s p e c t r o m e te r ,  f i n d  t h a t  t h i s  spec t rum  
p ro d u c e s  a l i n e a r  K ur ie  p l o t  wl en  th e  t h i r d  f o r b i d d e n  V e c to r  
i n t e r a c t i o n  c o r r e c t i o n  f a c t o r  i s  a p '^ l i e d .  I t  i s  a consequence  
o f  t h e  s o f t  e l e c t r o n  spec t rum  t h a t  t h e  no rmal c o r r e c t i o n s  t o  
t h e  c o u n t in g  t e c h n i q u e s  e . g .  s o l i d  a n g l e ,  so u rce  s e I f - a b s o r p t i o n ,  
b a c k - s c a t t e r i n g  and b i a s  l e v e l ,  become d i f f i c u l t  t o  a s s e s s  
a c c u r a t e l y .
A v e ry  r e c e n t  measuremen t  by McNair, ( 48 ) u s i n g  a 4 *  ^
c o u n t e r  w i th  an  e n r i c h e d  ru b id iu m  so u rce  aim s  a t  m in im im is ing  
t h e s e  u n c e r t a i n t i e s .  He f i n d s  t h e  h a l f - l i f e  t o  be 5 .2 5  x 10^^ 
y e a r s  w h ich i s  i n  f a i r  ag reem en t  w i th  t h e  v a lu e  a c c e p t e d  by th e  
g e o l o g i s t s .
No f u r t h e r  work was a t  erap ted on t h i s  i s o t o p e  a s  t h e  h a l f -  
l i f e  and maximum 3 ene rgy  seem t o  be x e l l - e s t a b l i s h e d  now.f
2. C d -In -1 13 .
The decay s y s t e i n a t i c s  o f  t h a t  Od-113
sh o u ld  be th e  a c t i v e  i s o t o p e  wi t h  an a v a i l n b l e  e n e rg y  o f  15O Kev 
f o r  decay t o  In -1 1 5 .  C a l c u l â t io n s^ ^ ^ ^ f ro m  th e  t a b l e  o f
( r )e m p i r i c a l  a tom ic  m asses  a l s o  i n d i c a t e  t h a t  Cd-113 i s  l a b i l e  
b u t  w i t h  an a v a i l a b l e  en e rg y  o f  4 )0  Kev.
No a t t e m p t s  have b ee n  made t o  o b s e rv e  th e  a c t i v i t y /
- 2 3 -
/  a c t i v i t y  a l t h o u g h  u s in g  a k r y p t o n  f i l l e d  p r o p o r t i o n a l
c o u n t e r ,  s e a r c h e d  f o r  th e  3d K x - r a y s  whdch would a r i s e  i n  th e
e v e n t  o f  K e l e c t r o n  c a p t u r e  i n  I n - 113 . No x - r a y s  were o b se rv ed
and he co n c lud ed  t h a t  th e  h a l f - l i f e  o f  I n -113  f o r  K c a p t u r e  i s
>10^4 y e a r s .  Some L x - r a y s  we re  d e t e c t e d  i n d l c e t l n g  a h a l f -
12l i f e  o f  the  o r d e r  o f  10“ y e a r s  f o r  L c a p t u r e .  However i t  i s  
l i k e l y  t h a t  t h e  g r e a t e r  p a r t  o f  t h i s  r a d i a t i o n  i s  due t o  th e  
i n t e r a c t i o n  o f  t h e  cosm ic ray  b ackg rou n d  w i t h  t h e  so u rc e  a s  
f i r s t  o b se rv ed  by D ixon and McNairl^^^ H e i n t z e ^ ^ ^ ) u s i n g  a 
l a r g e  p r o p o r t i o n a l  c o u n t e r  was a l s o  u n s u c c e s s f u l  i n  an  a t t e m p t  
t o  d e t e c t  K x - r a d i a t l o n  from In -113  and co n c lu d e d  t h a t  t h e  h a l f -  
l i f e  >10^-4 yp^^rs. The f a i l u r e  t o  d e t e c t  K x - r a d i a t i o n  p rom p ted  
t h e  p r e s e n t  a u t h o r  t o  examine Cd-113  f o r  ^  a c t i v i t y .
3 # I n —üri—115*
R i d d e l l ’ s mass d i f f e r e n c e s ( 9^)Y )red ic t  t h a t  In -1 1 5  w i l l  
decay t o  8î>-115 w i th  a Mv mu,. p - e n e r g y  o f  2 /0  Kev. Marte 11 
and L i i b y ( 93) u s i n g  a s c r e e n - w a l l e d  g e i g e r ,  d e t e c t e d  3 r a d i a t i o n  
from In -1 1 5 .  They e a t im a te d  from a b s o r p t i o n  m easurem en ts  t h a t  
th e  e n d - p o in t  en e rg y  was 630 Kev and t h e  l i e l f - l i f e  was 6 .0  x 
10^4 y e a r s .  The u se  o f  a lumin ium a b s o r p t i o n  f o i l s  i n  v e ry  
low s p e c i f i c  a c t i v i t y  m easurem en ts  i s  a lw a y : d o u b t f u l  b e c a u se
(51)o f  p o s s i b l y  v a r y in g  r a d i o a c t i v e  im p u r i ty  l e v e l s .  Cohen 
l a t e r  con f i rm ed  t h a t  In -115  was r a d i o a c t i v e  and t h a t  th e  b e t a  
r a d i a t i o n  ^ a s ’a few hund red Kev’ . The work o f  Varma and 
M a n d e v i l l e ^ 94) Gorode tzky  e t  ml^ on th e  " e t a s t a b l e  s t a t e e s /
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/ s t a t o n  o f  In -1 1 5  1n f e r s  t h a t  t h e  b e t a  e n e rg y  o f  t h e  In -11 5  
g round s t a t e  s h o u ld  be n e a r e r  5^^  Kev. As t h e r e  i s  eonie doub t  
ab o u t  t h e  v a lu e  o f  th e  e n d - p o ln t  en e rg y  a new m easuremen t  was 
u n d e r t a k e n .
4 .  Sb-Te-123.
I t  canno t  be deduced from t h e  ene rgy  s y s t e n i a t l c c  i o h  I s  
t h e  u n s t a b l e  Iso to -^e .  The e n ' ^ l r l c a l  mass d i f f e r e n c e  t a b l e s ^ ^ ^ )  
p r e d i c t  t h a t  Sb-1 2 3  has 84 Kev a v a i l a b l e  e n e rg y  f o r  b e t a  decay 
to  Te-123 where a s  W a r s t r a ^ 49) p r e d i c t s  t h a t  Te—123 sh o u ld  be t h e  
a c t i v e  i s o t o p e ,  w i t h  a Q v a lu e  o f  I8 6  I ^ v .
/ pc \H e in t z e  examined n a t u r a l  t e l l u r i u m  ^ o r  o s s ib l©  x - r a y s  in  
a p r o p o r t i o n a l  c o u n t e r  and c o n c l u  led t h a t  th e  h o l f - l i f e  o f  T0-I23 
f o r  K c a p t u r e  i s  ^  10^3 y e a r s .  As no a c t i v i t y  has  b e e n  obse rved  
i n  e i t h e r  i s o  t o r e  i t  '-’os  d e c id e d  t o  n ea rch  f o r  p o s s i b l e  b e t a ,  
K -c a p t u re  and g a n r a  a c t i v i t y  i n  a more s e n s i t i v e  e ■joxe r im e n t  a 1 
a r ra n g e m e n t .
5 .  Re-Gs-187.
I n  1948 N a l d r e t t  and L i b b y ^ ^ ^ c l a i r e d  to  have d e t e c t e d  th e
r a d i o a c t i v i t y  o f  rhen ium i n  a sc ree rv -w a l led  g e i g e r  c o u n t e r .
They co n c lu d ed  f r  m a b s o r p t i o n  m easurem en ts  t h a t  t h e 6  - r a d i a t i o n
IPhad a maximum e n e rg y  o f  43 Kev i t h  a h a l f - l i f e  o f 4 x 10 
y e a r s .  Gauthe and Blum^ u s i n g  n u c l e a r  e m u ls io n  t e c h n i q u e s  
a l s o  c o n c lu  led t h a t  rhen ium was b e t a - a c t i v e  b u t  t h a t  th e  ene rgy  
was on ly  11 Kev. T h is  r e s u l t  p rom p ted a r e - i n v e s t i g a t i o n  o f  the
(58)rhen ium b e t a  e n d - P o i n t  ene rgy  by Hut t i e  and L ibby who found 
t h a t  th e  ene rgy  was < 8 Kev an ! t h e  h a l f - l i f e  6 , 10^^ y e a r s .
— c i » }  —
They were  u nab le  t o  o b t e i n  an a c c u r a t e  h a l f - l i f e  d e t e r  i n a t I o n  
b e c a u s e  o f  t h e  s e r i o u s  abso r^^ t lon  o f  t h e  v e r y  s o f t  b e t a -  
r a d i a t i o n  i n  th e  s o l i d  s o u rc e .  I t  a p p e a r s  t h a t  L i b b y ' s  e a r l i e r  
r e s u l t  was cau sed  by c o n t a m i n a t i o n  end th e  d i s c r e p a n c y  be tw een  
t h e  p h o t o g r a p h i c  and c o u n t in g  t e c h n i q u e  i s  due to  t h e  d i f  i c u l t y  
i n  a c c u r a t e l y  c a l i b r a t i n g  th e  e m u ls io n .  I n  an a t t e m p t  t o  
r e s o l v e  th e  u n c e r t a i n t y  ab ^u t  t h e  rhen ium decay e n e r g y ,  D ixon
( 52)and McNair ' examined a rhen ium  so u rce  i n  a l a r g e  p r o p o r t i o n a l  
c o u n t e r  and c o n c lu d e d  t h a t  t h e r e  were no b e t a - p a r t i c l e s  w i th  
en e rg y  > 1  Kev t o  p u t  n l o ^ e r  l i m i t  o f  10^^ y e a r s  on t h e  h a l f -  
l i f e .  A s e a r c h  f o r  o s s i b l e  K and L - c a p t u r e  i n  Os-187 
a l s o  u n s u c c e s s f u l  a l th o u g h  some K and L x - r a y s  o b s e rv e d  were 
p rov ed  t o  o r i g i n a t e  from th e  a c t i o n s  o f  t h e  cosm ic r a d i a t i o n  
on th e  so u rc e .  They con c lu ded  t h a t  Os-187 was s t a b l e  w i th  a 
h a l f - l i f e  > 1 .4  X 10^^ y f :a rs .  Tha t  Re—1^7 t h e  a c t i v e
member o f  t h e  i s o b a r i c  d o u b l e t  seems t o  have b ee n  e s t a b l i s h e d  
by t h e  s t r o n g  ev id e n c e  o f  H i n t e n b e r r e r  e t  a l ( 59)gnd  H e r r  e t  al^^^ 
who have ob se rv ed  abnorm-1 abundances  o f  Os-187 i n  g e o l o g i c a l l y  
o l d ,  rhen ium c o n t a i n i n g  m o l y b d e n i t e s  and have r e c e n t l y  a p p l i e d  
t h e  me thod t o  d a t i n g  t h i s  ty p e  o f  r o c k .  A h a l f - l i f e  o f  6 .2  x 
10^^ y e a r s  i s  deduced from t- i s  work.
Owing t o  th e  a p p a r e n t l y  s h o r t  h a l f - l i f e  o f  Re-187, i f  th e  
b e t a - r a d i a t i o n  i s  1 Kev i t  sh o u ld  have b e e n  e a s i l y  d e t e c t a b l e  
w i t h  e x i s t i n g  c o u n t in g  t e c h n i q u e s  a l t h o u g h  i t  i s  p o s s i b l e  t l i a t  
mos t o f  t h e  s o f t  e l e c t r o n s  a r e  b a i n g  T os t  e i t h e r  byattachm ^m t  
t o  sm a l l  amoun ts o f  vapour  a r i s i n g  'Tom t h e  a d h e s iv e  m a t e r i a l /
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/ r a a te r la l  used to  mount th e  source or more l i k e l y ,  due to  
e l e c t r o s t a t i c  ch arg in g  o f  the rhenium o x id e  used in  th e  cou n ting  
exp er im en ts . A l o s s  o f  cou n ts  due to  im properly conducting  
so u rces  has fr e q u e n t ly  been exp er ien ced  by workers in  th e  4 
co u n tin g  f i e l d .  The e f f e c t  becomes p r o g r è sü iv e ly  s e r io u s  w ith  
s o f  e r  b e t a - e m l t t e r s .  I t  was thought th a t  th ese  d i f f i c u l t i e s  
cou ld  be avoided  by search in g  fo r  the b e ta  r a d ia t io n  w ith  an 
evaporated  m e t a l l i c  rhenium source in  th e  counter and examining  
the spectruiri to  very low e n e r g ie s  (lOC) ev) .
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0 b a r t e r  2 .
The A t t a in m e n t  o f  Low B ack g rou n la ,
I t  i s  i m p l i c i t  i n  th e  p r e v i o u s  d i s c u s s i o n  t h a t ,  i f  r a d i o ­
a c t i v e ,  t l ie  n u c l i d e s  s c h e d u le d  f o r  i n v e s t i g a t i o n  must  have v e ry  
low s p e c i f i c  a c t i v i t i e s .  Hence, t o  a c h i e v e  th e  maximum 
s e n s i t i v i t y  o f  th e  c o u n t in g  equ ipm en t ,  th e  lo w e s t  r o s s i b l e  
■backgrnunda comb ined w i t t  t h e  l a r g e s t  r r a c t i c a b l e  s o u rc e  q u a n t i t ie i  
a r e  e s s e n t i a l .  To redu ce  t h e  backg round  c o n s i d e r  the f o l l o w i n g  
r o i n t s .
2 .1  S o u rce s  o f  Background.
I o n i s i n g  r a d i a t i o n ,  n roduced  d i r e c t l y  o r  i n d i r e c t l y  by th e  
i n t e r a c t i o n  o f  t h e  cosm ic r a d i a t i o n  w i th  t h e  d e t e c t o r  i s  th e
fu n d a m e n ta l  sou rce  o f  backg round  i n  c o u n t e r s .  O th e r  e f f e c t b
c o n t r i b u t i n g  t o  t h e  back g ro un d ,  e . g .  l o c a l  r a d i o a c t i v i t y  i n  th e  
s u r r o u n d in g s  o r  c o n s t r u c t i o n  m a t e r i a l s ,  and s n u r io u s  n u i s e s  i n  
t h  e l e c t r o n i c  sy s tem , a r e  o f  a seco nd a ry  n a t u r e  and can  be 
a v o id e d  by c a r e f u l  c o n s t r u c t i o n  o f  th e  c o u n t i n g  equi-^ment and 
s e l e c t i o n  o f  n u re  m a t e r i a l s .  Hence a low backg round  sys tem  
d e s ig n e d  such t h a t  cosm ic r a d i a t i o n  w i l l  have a minimum e f f e c t
w i l l  be  t h e  u l t i m a t e  -  assumin;^ die sec o n d a ry  e » f e e t s  a r e ,  o r
can  b e ,  removed. O o n s i d e r a t i o n  o f  r e s u l t s  o f  e x p e r i m e n t a l  work 
on th e  n a t u r e  o f  t h e  cosm ic r a d i a t i o n  i n d i c a t e  t h e  most  e f f e c t i v e  
methods o f  r e d u c in g  t h i s  com-ronent o f  c o u n t e r  backg rou nd ,  wh ich 
a t  sea l e v e l  i s  m a in ly  -produced by t h e  e x t e n s i v e  a i r  shower .
The mechan ism by w h i ch  t i d e  i s  c r e a t e d  i s  f u l l y  d e s c r i b e d  by 
G a l b r a i t h ( l ) .
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2 ,2  The iï^xtenslve A i r  ower.
The TDrlmary r a d i a t i o n ,  m a in ly  o f  v e ry  h ig h  en e rg y  n r o t o n s  
( £ 10^^ eV) and a ln h a  n a r t i c l e s  w i t h  a sm a l l  amount o f  h e a v i e r  
n u c l e i ,  i n t e r a c t s  w i t h  th e  oxygen and n i t r o g e n  a t  a g r e a t  h e ig h t  
i n  th e  a tnosT)here t o  r»ro luce a shower o f  n u c le o n s ,  c h a rg e d  and 
un cha rg ed  7^  mesons, and r r o b a h l y  hyne rons  and a n t l - n a r t l c l e s .
T h is  fo rm s  th e  ’ c o r e ’ o f  th e  s row e r  wh ich t r a v e l s  a lo n g  t h e  
d i r e c t i o n  o f  th e  o r i g l m i l  - n a r t l c l e  and s n r e a d s  o v e r  ab ou t  one 
square  m e tre  a r e a  a t  sea  l e v e l .  The c h a rg e d  mesons may undergo 
s n o n tan eo u s  decay i n t o  a^K-meson, wh ich fo rm s  a p e n e t r a t i n g  
n o n - i n t e r a c t i n g  componen t ,  o r  may i n t e r a c t  i n  a s i m i l a r  manner 
t o  th e  f a e t  p r o t o n s  -  th e  mode o '  b e h a v i o u r  denen d in g  on th e  
en e rg y  o f  the  it meson. The *rr° mesons d ecay  a lm o s t  i n s t a n t a n ­
e o u s l y  i n t o  two gam a - q u a n t a ,  vl iich i n  t u r n  n roduce  th e  n h o to n -  
e l e c t r o n  c a s c a d e .  T h i s  can  e x t e n d  o v e r  500 sq u a re  m e t r e s  a t  
sea  l e v e l .
Some o f  the c o r e  n a r t i c l e a ,  -nroduce f u r t h e r  n u c l e a r  d i s i n t e ­
g r a t i o n s  y i e l d i n g  more mesons and n u c le o n s  to  form t h e  n u c leo n  
c a s c a d e .
To sum' a r i s e ,  th e  e x t e n s i v e  a i r  shower (P ig .  l )  i s  a co re  o f  
h ig h  en e rg y  p a r t i c l e s  some o f  w h ich  a re  n u c l e a r  i n t e r a c t i n g  
(N-comnonen t) a round  " h i c h  a r e  d i s t r i b u t e d  th e  -^ h o to n - e l e c t ro n  
ca scad e  I n c l u d i n g 44.-m esons .  The N-comronen t  ( n e u t r o n s ,  n r o to n s
a n l  7i  m esons) ,  and th e  k-me sons a r e  h i g h l y  ne ne t  r a t i n g .  At sea/
l e v e l  he M,-mesonE c o n s t i t u t e  abou t  10^ o f  a l l  shower n a r t i c l e s .  
The r a t i o  o f  n u c le o n s  w i th  TV and a*.-mesons, t o  a l l  n a r t i c l e s  i s /
/ i s  abo u t  0 ,3  and t h e  number o f  n e u t r o n s  ■nresent i s  1—2/i o f  th e  
e l e c t r o n  d e n s i t y ,  i . e .  o f  th e  o r d e r  o f  10^ n e u t r o n s  a t  sea  l e v e l /  
10^^ eV p r im a ry .
Coulomb s c a t t e r i n g  s r r e a d s  the secon d a ry  componen t o f  th e  
shower ov er  a l a r g e  a r e a ,  t h e  d e n s i t y  o f  n a r t l c l e s  f a l l i n g  o f f  
w i t h  t h e  d i s t a n c e  from  th e  c o r e .  VVith a shower p ro d u c ed  by a 
lo w e r  en e rg y  r r i m a r y ,  most o f  t h e  componen ts may be ab so rb e d  i n
th e  a tm o snhe re  l e a v i n g  on ly  the  -meson comnonen t .
/
iSxner i m e n t 6 on d e l a y e d  n a r t l c l e s  c a u s e d  by t t ie  d i f f e r e n t
s^'eeds o f  e l e c t r o n s ,  -m esons ,  th e  N-comnonent  end d i f f e r e n t  p a t h
le n g th s  due to  s c a t t e r in g  and I n c l in a t io n  to  the shower a ^ is ,
show t h a t  more t h a n  h a l f  th e  n a r t l c l e s  a r r i v e  w i t h i n  10“ 7 gees .
The e s t i m a t e d  f r a c t i o n  o f  d e l a y e d  c o u n t s  i s  O.85. o f  t h e  shower
-6n a r t l c l e s  and t h e s e  have d e l a y s  < 10 s e c s .  S ince a l l  th e  
com nonen tea re  t im e c o i n c i d e n t  w i t h i n  \  s e c .  i t  fo l lo w  s t h a t  i f  
any one o f  th e  n a r t l c l e s  o r  -nl o to n s  a s s o c i a t e d  ' " i t  a shower a r e  
d e t e c t e d  th e n  t h e  c o n t r i b u t i o n ,  o f  any n a r t  o f  t h i s  shower ,  to  
t h e  b a c k g ro u n l  o f  a c o u n t e r  can be removed ' y a n t i - c o i n c i d e n c e  
t e c h n i q u e s .  However, s in c e  th e  e l e c t r o n - n h o t o n  ca sc a d e  i s  much 
more e x t e n s i v e  t h a n  th e  c o r e  o f  th e  shower ,  t h e  r e l a t i v e l y  s o f t  
e l e c t r o n s  can  be a b s o rb e d  i n  t h e  a tm o snhe re  l e a v i n g  o n ly  th e  
p n o t o n s ,  wh ich may I n L e r a c t  i n  t h e  c o u n t e r  w i th o u t  r e c o r l i n g  i n  
t h e  a n t i - c o i n c i d e n c e  assem b ly .  Background from t l i i s  cau se  can 
be re d u c e d  by u s in g  a n t i - c o i n c i d e n c e  c o u n t e r s  w i t h  a h ig h  gamma- 
e f f i c i e n c y ,  e . g .  s c i n t i l l a t i o n  c o u n t e r s  o r  a l t e r n a t i v e l y  by
p r o v i d i n g  s u i t a b l e  s h i e l d i n g  t o  ab so rb  the  Tihotons. G r e i s e n ( 2 ) /
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/ G r e l s e n  (2) has  c a l c u l a t e d  t h e  n r o b a b l l l t y  o f  a c a sc a d e  n a r t l c l e  
b e i n g  d e t e c t e d  u n d e r  l a r g e  t h i c k n e s s e s  o f  l e a d .  E x p e r im e n t a l  
v e r i f i c a t i o n  o f  h i s  r e s u l t s  show t h a t  8** o f  l e a d  e f f e c t i v e l y  
a b s o r b s  t h e  n h o t o n - e l e c t r o n  c a s c a d e  i n  shower nhenomenon.
Ooccon i  (3) has i n v e s t i g a t e d  t h e  mean f r e e  r a t h  o f  th e  n r lm ary  
componen t  i n  m a t e r i a l s  o f  d i f f e r e n t  a tom ic  numbers and f i n d s  
t h a t  i t  i s  h i g h e r  i n  l e a d  t h a n  i n  c a rb o n .  T h is  i s  b e c a u se  th e  
n r i m a r i e s  i n t e r a c t  w i t h  a c r o s s - s e c t i o n  c l o s e  t o  t h e  g e o m e t r i c a l  
and s in c e  i n  l e a d  t h e  number oT n u c le o n s  s c r e e n e d  by o u t e r  
n u c le o n s  i s  g r e a t e r  t h a n  f o r  l i g h t  n u c l e i ,  t h e  heavy n u c l e i  have 
t h u s  a s m a l l e r  s t o  '^ ing ro- e r / n u c l e o n .
2 . 3  ^ ^ eu tr o n  P r o d u c t i o n ,
N eu tro n  p r o d u c t i o n  ca u se d  by th e  i n t r o d u c t i o n  o f  m ass ive  
s h i e l d i n g  i n  th e  *nath o f  th e  cosm ic  r a d i a t i o n  has b e e n  Inves t iga taa  
by T o n g i o rg i  ( 4- 6 ) who c o n e lu d e s  t h a t  t h e  i n t e r a c t i o n  o f  t h e  
N—comT^onent i n  l e a d  a b s o r b e r s  '^ro'^ucea « Targe number o f  10 -  20 
MeV n e u t r o n s  i n  p e n e t r a t i n g  show e rs .  The e n e r g i e s  o f  t h e s e  ne 
n e u t r o n s  a r e  c h a r a c t e r i s t i c  o f  e v a p o r a t i o n  e e u t r o n s  and s in c e  
th e y  a r e  p roduced  i n  the  lo w e r  5 cm. o f  l e a d  a b s o r b e r s ,  cann o t  
be from (gamma,n) r e a c t i o n s  b u t  a r e  due t o  the  I n t e r a c t i o n s  o f  
h i g h l y  p e n e t r a t i n g  n eu t ro n ,  p r o t o n s ,  o r  tt  and ML mesons.  About 
60 n e u t r o n s  can  be p ro d u c ed  by a s i n g l e  h ig h  en e rg y  n u c le o n  
i n t e r a c t i n g  i n  th e  l e a d  t o  p ro d u c e  a p e n e t r a t i n g  si-ower o f  mesons 
and n u c le o n s  wh ichyrim e to  f u r t h e r  n e u t r o n s  i n  t h e  l e a d  a b s o r b e r .  
Ooccon i  (7) f i n d s  t h e  a v e ra g e  n e u t r o n  m u l t i p l i c i t y  t o  be t e n  
t i m e s .  These a r e  U s t r i b u t e d  i s o t r o n i c a l l y .  40 cm. t h i c k n e s s /
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/ t h l c k r i e s s  o f  p a r a f f i n  wax i e  s u f f i c i e n t  t o  t h e r m e l i s e  th e s e  
n e u t r o n s  wh ich t a k e  ab ou t  200 w. s e c .  t o  s low down. T h i s  t ime 
d e l a y  mus t  be  a l lo w ed  f o r  i n  any a n t i - c o i n c i d e n c e  sy s tem s  
d e s ig n e d  t o  remove t h e  e f f e c t  o f  t h e  n e u t r o n  component i n  showers 
p ro d u c e d  i n  th e  s h i e l d i n g .
S i g n i f i c a n t  r e s u l t s  on n e u t r o n  s h i e l d i n g  were o b t a i n e d  from 
T o n g i o r g i ’ B e x p e r i m e n t s .  The n e u t r o n  co u n t  r a t e  u n d e r  5 cm. o f  
l e a d  s h i e l d  i s  o n ly  s l i g h t l y  re d u c e d  by th e  e d i t i o n  o f  25 cm. 
t h i c k  p a r a f f i n  wax o u t s i d e  t h e  l e a d .  Removal o f  t h e  l e a d  g r e a t ­
l y  r e d u c e s  th e  n e u t r o n  p r o d u c t i o n  w h i l s t  a d d i t i o n  o f  l e a d  o u t s i d e  
th e  p a r a f f i n  wax i n c r e a s e d  t h e  r a t e  s l i g h t l y .  I n s e r t i o n  o f  a 
f u r t h e r  l e a d  l a y e r  be tw een  t h e  c o u n t e r  and th e  p a r a f f i n  wax 
g r e a t l y  i n c r e a s e s  t h e  n e u t r o n  p r o d u c t i o n  r a t e  a g a in .  I n  
a d d i t i o n  the  n e u t r o n  y i e l d  i s  found  t o  i n c r e a s e  ? d t h  th e  a tom ic  
number o f  t h e  a b s o r b e r .  I t  f o l l o w s  t h a t  th e  most e f f e c t i v e  
n e u t r o n  s h i e l d  s h o u ld  be made from m a t e r i a l  o f  low a tom ic  number 
g. p a r a f f i n  wa- and t h e r e  mus t  be no h ig h  Z m a t e r i a l  be tw een  
th e  s e n s i t i v e  volume o f  th e  c o u n t e r  and t h e  n e u t r o n  s h i e l d  ( 8 ) .
E xam in a t ion  o f  c lo u d  chamber  pho tor^raphs (9) show t h a t  
c a s c a d e s  can be I n i t i a t e d  i n  a b s o r b e r s  p e n e t r a t e d  by p h o to n s ,  
n e u t r o n s  and tT  ^ mesons w i th o u t  a s s o c i a t e d  c h a rg e d  p a r t i c l e s .
I f  th e  a n t i - c o i n c i d e n c e  sys tem was p l a c e d  o u t s i d e  t h e  s h i e l d i n g  
m a t e r i a l  i t  would no t  d e t e c t  mos t  o f  t h e  c a s c a d e s  p ro d u ced  by 
t h e s e  uncha rged  p a r t i c l e s .
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2 ,4  The I  l e a l  T h e o r e t i c a l  O osm lc -ray  S h i e l d  f o r  R a d i a t i o n
D e t e c t o r e ^
I t  i s  an a r e n t  t h a t  t h e  p r e s e n c e  o f  any a b o s r h in g  m a t e r i a l  
i n  th e  p a t h  o f  a p r im a ry  c o s n i c  r a y  can  l e a d  t o  t h e  p r o d u c t i o n  
o f  a w id e  ran ge  o f  c h a rg e d  and uncha rged  p a r t i c l e s ,  w h ich ,  w i th  
th e  p o s s i b l e  e x c e p t i o n  o f  t h e  n e u t r o n  componen t ,  a r e  t im e  
c o i n c i d e n t  to  w i t h i n  1 w s e c .  I n  p r a c t i c e  i t  i s  c l e a r l y  
im p o s s ib l e  t o  remove a l l  a b s o r b i n g  m a t e r i a l  from a w ide enough 
a r e a  s u r ro u n d in g  th e  r a d i a t i o n  d e t e c t o r  t o  e n s u re  t h a t  p a r t i c l e s  
u n d e rg o in g  m u l t i ' l e  coulmb s c a t t e r i n g ,  p ro d u c ed  a s  decay p r o d u c t s ,  
w i l l  no t  be d i r e c t e d  i n t o  t h e  c o u n t e r  and r e c o rd e d .
O onsequen t ly  th e  f i r s t  s t e p  i n  b u i l d i n g  a sys tem  w i t h  ze rc  back­
g round f o r  cosm ic r a y s  i s  t o  n r o v i le a sys tem  o f  c o u n t e r s  
c o m p l e t e ly  s u r r o u n d in g ,  an l  o p e r a t e d  i n  a n t i - c o i n c i d e n c e  w i th  
t h e  d e t e c t o r .  T h i s  w i l l  remove t h e  l a r g e s t  e f f e c t  o f  t h e  cosm ic 
r a d i a t i o n  b u t  does  no t  a^low f o r  t h e  p o s s i b l e  i n t e r a c t i o n  o f  
P ho ton s  from th e  e l e c t r o i> - p h o to n  ca scad e  where th e  e l e c t r o n s  may 
be a b s o rb e d  ou t  and th e  remain ing: p h o to n s  p a s s  u n d e t e c t e d  th ro u g h  
th e  a n t i - c o i n c i d e n e e  c o u n t e r s  t o  r e c o r d  i n  t h e  d e t e c t o r .  T h is  
e f f e c t  can  be re d u c e d  by h av in g  ■ n a n t i - c o i n c i d e n c e  sys tem  w i th  
a h ig h  gam a - r a y  e f f i c i e n c y ,  b u t  a s  IOO/0 e f f i c i e n c i e s  a r e  
u n o b t a i n a b l e  s h i e l d i n g  i s  n e c e s s a r y  t o  r e d u c e  th e  gam a - i n t e n s i t y ,  
G re l s e n  f i n d s  t h a t  8** o f  l e a d  i s  s u f f i c i e n t  f o r  t h i s .  f o u n t s  
due t o  t h e  p r o d u c t i o n  o f  s h o - e r s  i n  th e  s h i e l d i n g  a r e  l a r g e l y  
removed i f  the  a n t i - c o l  ic idenee  sys tem  i s  p l a c e d  i n s i d e  t h e
s h i e l d  s in c e  t h e r e  I s  a v e ry  h ig h  r r o h a b l l l t y  t h a t  an  a s s o c i a t e d /
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/ a s s o c i a t e d  c h a rg e d  p a r t i c l e  from t h e  c a s c a d e  w i l l  be d e t e c t e d .  
The re  i s  s t i l l  th e  p o s s i b i l i t y ,  however,  t h a t  uncha rged  p a r t i c l e s  
s c a t t e r e d  from t h e  s u r ro u n d in g s  o r  p roduced  i n  t h e  immed ia te  
s h i e l d i n g  w i l l  r e a c h  t h e  d e t e c t o r  w i th o u t  t r i g g e r i n g  t h e  a n t i -  
c o i n c i d e n c e  a r ra n g e m e n t .
T o n g i o rg i  has p ro ved  t h a t  t h e  b e s t  method o f  remov ing th e  
c o n t r i b u t i o n  from t h e  uncha rged  p a r t i c l e s  i s  t o  have ab o u t  16" 
t h i c k  p a r a f f i n  wax u n d e r  th e  gam a - r a y  s h i e l d .  I f  t h i s  wax i s  
im p r e g n a t e d  w i t h  a m a t e r i a l  h av in g  a h ig h  n e u t ro n  c a p t u r e  c r o s s -  
s e c t i o n  and wh ich does no t  p roduce  c a p t u r e  gam a - r a y s ,  t h e n  t h e r e  
sh o u ld  be a v e ry  low n e u t ro n  t r a n s m i s s i o n  th ro u g h  t l ie  wax.
Boron a d m i r ab ly  f i t s  t h i s  re q u i r e m e n t  a s  i t  has  a h ig h  c a p t u r e  
c r o s s - s e c t  io n  f o r  th e rm a l  n e u t r o n s  and t h e  a l o h a  p a r t i c l e s  
e m i t t e d  i n  th e  r e a c t i o n  a r e  r e a d i l y  a b s o rb e d .  T h i s  s h i e l d  has a 
low a tom ic  number and i s  l e s s  l i k e l y  to  i n i t i a t e  showe rs .  The
th e rm a l is in f ^  p r o c e s s  o f  t h e  n e u t r o n s  t a k e s  a p p r o x im a te ly  200 u. sec ./
GO t h e  a n t i - c o i n c i d e n c e  sys tem must  be d e s ig n e d  t o  remove 
c o i n c i d e n c e s  w i t h  t h e  o c c u r re n c e  o f  d e l a y e d  e v e n t s  i n  t h i s  p e r i o d .
As ca sc a d e  e v e n t s  can  a l s o  b e  i n i t a t e d  by i n t e r a c t i o n  o f  f a s t  
p a r t i c l e s  i n  low Z m a t e r i a l s ,  a l th o u g h  w i t h  s m a l l e r  p r o b a b i l i t y ,  
th e  a n t i - c o i n c i d e n c e  sys tem sh ou ld  be p l a c e d  unde r  t h e  n e u t ro n  
a b s o r b e r  where t h e r e  i s  a good chance  th e y  w i l l  be  d e t e c t e d .
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2 .5  K^T'erlmental.
Ramsden and Wa t t  have c o n d u c te d  a s e r i e s  o f  e x p e r im e n ts  
d e s ig n e d  t o  f i n d  th e  most  e f f i c i e n t  p o s i t i o n  in  the  s h i e l d i n g  
a r ran g em en t  f o r  t h e  a n t i - c o i n c i d e n c e  c o u n t e r s .
A sm a l l  p r o p o r t i o n a l  c o u n t e r  was s u r ro u n d e d  by a r i n g  o f
g e i g e r  c o u n t e r s  and p l a c e d  i n s i d e  a 4 in c h  t h i c k  s t e e l  s h i e l d
w h ich ,  i n  t u r n ,  was c o v e re d  by a second l a y e r  o f  '^ e ige r  c o u n t e r s .
The r e s u l t s  a re  shown i n  Tab le  I .
T a b le  I .
P r o p o r t i o n a l  c o u n t e r  c /m ln .
1 . I n s i d e  4" Pe s h i e l d  1 7 .3  -  O.3
2 .  I n  s h i e l d  w i t h  o u t e r  g e i g e r so p e r a t i n g  i n  a n t i - c o i n c i d e n c e  7 » 7 — 0 .2 6
3. I n  s h i e l d  w i t h  i n n e r  g e i g e r so p e r a t i n g  i n  a n t i - c o i n c i d e n c e  6 ,5  — 0 . 2 .
4. I n  s h i e l d  w i t h  b o t h  r i n g so p e r a t i n g  i n  a n t i - c o i n c i d e n c e  6 .0  "t. 0 . 1
I t  i s  a p p a r e n t  t h a t  th e  optimum p o s i t i o n  f o r  t h e  a n t i -  
c o i n c i d e n c e  r i n g  i s  i n s i d e  th e  s h i e l d  a s  p r e d i c t e d  i n  th e  
f o r e g o i n g  d i s c u s s i o n .  The lncr*^ased e f f i c i e n c y  when b o t h  s e t s  
o f  g e i g e r  c o u n t e r s  a r e  u sed  i s  cau sed  by  t h e  dead s p a c e s  be tween 
any two c o u n t e r s  end a l s o  t o  t h e  low gamr a - r a y  e f f i c i e n c y .
These c o n c l u s i o n s  have b e e n  co n f i rm e d  by o p e r a t i n g  a r i n g  o f  
g e i g e r  c o u n t e r s  i n  a n t i - c o i n c i d e n c e  w i t h  a w a l l - l e s s  c o u n t e r  o f  
th e  D re v e r  (lO) ty p e  i n  w h ich t h e  b u i l t - i n  a n t i - c o i n c i d e n c e  
sys tem  h as  no dead  sp a c e s .
Assuming no s p u r i o u s  -nuises  a r e  r r o d u c e d  ’n  t h e  e l e c t r o n i c /
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/ e l e c t r o n i c  e q u ip m en t ,  th e  r e s i d u a l  "background cou n t  r a t e  observed 
In  a w a l l - l e s s  p r o p o r t i o n a l  c o u n t e r  I s  e n t i r e l y  due t o  uncha rged  
p a r t i c l e s  a n d / o r  g am i . ia - rad la t io n  i n t e r a c t i n g  w i t h i n  th e  s e n s i t i v e  
volume o f  t h e  c o u n t e r .  The e f f e c t  o f  c h a rg e d  p a r t i c l e s  i n  t h e  
cosm ic  r a d i a t i o n  an  ■ r a d i o a c t i v e  i m p u r i t i e s  In  tlie c o n s t r u c t i o n  
m a t e r i a l s  a r e  removed v e ry  e f f i c i e n t l y  by t h e  i n t e r n a l  a n t i ­
c o in c id e n c e  a r r a n g e m e n t .  The in s t r u m e n t  i s  t h e r e f o r e  i d e a l l y  
s u i t e d  f o r  r e s o l v i n g  t h e  componen ts o f  backg round  due t o  gam, a -  
r a d i a t i o n  and t o  n e u t r o n  i n t e r a c t i o n .
The la rg e  24 l i t r e  (12 l i t r e  s e n s i t i v e  volume) w a l l - l e s s  
cou n ter  n o m a l ly  used  fo r  ra d ie -cerb o n  d a t in g  ( l l )  was P laced  
in s id e  th e  w a te r - s h ie ld e d  c e l l  ( 12 ) at Alderm -s t o n  and th e  a n t i -  
c o in c id e n c e  count r a te  recorded above 5^0 eV energy. B r ick s  
made from 5 5 # ^  p a r a f f in ,  ^ 6 . pol yt hene  and 8 .0 /  b o r ic  oxide  
each 20 cm. th ic k  were p laced  around the counter to  ensure  
th e r m a l is a t io n  an I capture o f  any neutrons in  the background.
T ab le  I I  shows t h a t  a f a c t o r  o f  two r e d u c t i o n  i n  b ackg round  
a t t r i b u t e d  m a in ly  t o  removal o f  n e u t ro n  componen t  and p a r t l y  t o  
y - r a y  s h i e l d i n g ,  was o b t a in e d  l e a v i n g  a r e s i d u a l  cou n t  r a t e  o f
4 .1  -  0 .0 8  c /m in .  I n c r e a s i n g  th e  p r e s s u r e  o f  gas  i n  t h e  c o u n t e r  
I n s i d e  t h e  wax s h i e l d  r e s u l t e d  i n  a r i s e  i n  co u n t  r a t e  w h ich  
c o u ld  be cau sed  by
(1) i n e f f i c i e n t  n e u t ro n  s h i e l d i n g  by t h e  wax
(2 )  in c r e a se d  Y -ray  d e te c t io n
( 3 ) ,  r a d i o a c t i v e  i m p u r i t i e s  i n  th e  c o u n t i n g  g a s .
To r e s o l v e  th e  c o n t r l h U t l o n e ,  a 0 .020"  t h i c k  l a y e r  o f  cad m iu c /
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/cadm lum m e ta l  was t h e n  p i e c e d  be tw een  t h e  c o u n t e r  and t h e  wax 
b r i c k s .  S ince  c admium has a v e r y  h ig h  th e rm a l  n e u t r o n  c a p t u r e  
c ro G G - s e c t io n  a n l  p ro d u c e s  s e v e r a l  Y- r a y s  i n  he r e a c t i o n s ,  i f  
t h e r e  were any n e u t r o n s  l e a k i n g  th ro u g h  th e  s h i e l d  t h e  coun t  
r a t e  would i n c r e a s e ,  f o r  c a l c u l a t i o n  shows t h e  Y - r a y  e f f i c i e n c y  
o f  th e  c o u n t e r  t o  be t e n  t im e s  t h e  n e u t ro n  e f f i c i e n c y .  The 12fo 
r e d u c t i o n  i n  c o u n t  r a t e  u s in g  cadmium i n s i d e  th e  b o r o n - l o a d e d  
wax s h i e l d  i s  c o n s i s t e n t  v l t h  t h e  a t t e n u a t i o n  e x p e c t e d  f o r  glO 
KeV Y - r a y s .  I t  i s  co n c lu d e d  t h e r e f o r e  t h a t  th e  n e u t r o n  l e a k a g e  
mus t  b e  v e ry  s m a l l .  S i m i l a r l y  any a c t i v i t y  from i m p u r i t i e s  
I n s i d e  th e  c o u n t e r  o r  s p u r i o u s  ’ U lsee  a r i s i n g  i n  t h e  e l e c t r o n i c s  
must  be n e g l i g i b l e  and t h e  r e s i d u a l  back g ro un d  w i t h  cadmium and 
p o l y th e n e  s h i e l d i n g  i s  a l n o s t  e n t i r e l y  ca u se d  by e x t e r n a l  Y - r a y s .
T ab le  I I .W a l l - l e s s  C o u n t e r  i n  Low Background O e l l .
Adaitlonsl SM elilng s/.F?.lni.(Ghas P ressure  59 cm Argon +• 10 cm GH^ )
None 8 .1  t  0 . l 6
12 in ch  th ic k  boroiv-loaded wax 4 .1  — 0 ,0 8
(Gas P ressure  IO5  cm Argon-t- 10 cm GH^ )
12 in c h  t h i c k  b o r o n - l o a d e d  wax 8 .8  t :  O.18
0 ,0 2 0  in c h  ca lmium f o i l  -h wax 7 ,8  t  O.16
Oe V r i e s  ( 1 3 , 1 4 , 15) has  made a c a r e f u l  i n v e s t i g a t i o n  o f  
th e  c o n t r i b u t i o n  from n e u t r o n s  t o l b e  b ack g rou nd  o f  c o u n t e r s  and 
c o n c lu d e d  t h a t  n e u t r o n s  a r e  p ro d u ced  i n  t h e  to p  l a y e r  o f  t h e  
s t e e l  s h i e l d .  A d d i t i o n  o f  a I5  cm l a y e r  o f  b o r o n - l o a d e d  wax/
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/w ax p l a c e d  In  t h e  s t e e l  s h i e l d  re d u ced  t h e  n e u t r o n  component  
by a f a c t o r  o f  7 * He o b t a i n e d  he l o v e s t  backg round  when a 
p o l y th e n e  s l e e v e  s u r r o u n d in g  t h e  c o u n t e r  was removed. Prom t h e  
R e s u l t s  o f  t h e  p r e s e n t  work i t  i s  con c lu ded  t h a t  th e  po lyther>e 
u sed  i n  De V r i e s  e m e  r im e n t  was t h e m a l i s i n g  th e  n e u t r o n s  
p ro d uced  i n  th e  l a y e r  o f  s t e e l  be tw een  t h e  boro?>-loaded wax and 
th e  c o u n t e r  t h u s  i n c r e a s i n g  th e  ■ r o b a b i l l t y  o f  d e t e c t i o n  o r ,  
a l t e r n a t i v e l y ,  t h e  ^ o l y th e n e  s l e e v e  a s  c o n t a m in a t e d .  A 
f l u c t u a t i o h  i n  th e  meson I n t e n s i t y  p e r  cm. Hg, change i n  b a r o ­
m e t r i c  p r e s s u r e  was oboe rved  by De. V r i e s .  i ’o r  c o m p l e te ly  
e f f i c i e n t  cosm ic r a y  s h i e l d  however,  t h i s  v a r i a t i o n  s h o u ld  no t  
m a t t e r .
2 .6  C o n c lu s io n s .
Ne s u i t  6 from cosm ic  r a y  i n v e s t i g a t i o n s  and c o u n t e r  back­
g round e >rp0 r i m o n t8 l e n d  t o  1 he o l l o v i n g  c o n c l u s i o n s  on s h i e ld in g ; -
6 .1  The d e t e c t o r  s h o u ld  be c o m p l e te ly  su r ro u n d e d  by a sys tem  o f  
c o u n t e r s  w ljich has  lOOji e f f i c i o n c y  f o r  th e  d e t e c t i o n  o f  
p a r t i c l e s  end a s  h ig h  a gam a - r a y  e f f i c i e n c y  a s  p o s s i b l e .  
G e ig e r  c o u n t e r s  and p r o p o r t i o n a l  c o u n t e r s  a r e  mos t  f r e q u e n t l y  
used b u t  P l a s t i c  ph ospho r  c o u n t e r s  o r  an a n u lu s  o f  sodium 
i o d i d e  c r y s t a l  would be b e t t e r  becau se  o f  t h e i r  h i g h e r  gammA- 
r a y  e f f i c i e n c y .  I t  i s  b e s t  t h a t  t h e  d e t e c t o r  p u l s e  be  
d e l a y e d  by a t  l e a s t  200 s e c .  and t h e  a n t i - c o i n c i d e n c e  
p u l s e s  made euf■^ioif*n tly l o n g  t n  p r e v e n t  r e c o r d i n g  p o s s ib l e  
e v e n t s  ca u sed  by th e  d e ln y e d  n e u t r o n s .
6 .2  About l6 "  t h i c k  b o r o n - l o a d e d  p o l y th e n e  o r  p a r a f f i n  wax P lcce^ l /
WAX MADE FffOM-- 
8 0 %  BORIC OX PE  
55 2 %  PARAFFIN WAX
36 8 %  POLYTHENE
PLASTIC PHOSPHOR
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/ r o u n d  th e  f i n t l - c o l n c i d e n c e  c o u n t e r s  w i l l  e f f e c t i v e l y  
t h e r m a l i s e  and remove th e  n e u t r o n  comrionen t. The p r e s e n c e  
o f  th e  n e u t r o n  c a p t u r e  m a t e r i a l  r e d u c e s  t h e  n e c e s s i t y  f o r  
t h e  200yA. 6 d e l a y  on th e  g a t e .  T he re  mus t  be  no a n r r e c i a b l e  
t h i c k n e s s  o f  h i ;rh a tom ic  number m a t e r i a l  b e tw e en  th e  d e t e c t o r  
and th e  wax o th e r w i s e  c a s c a d e s  w i l l  be i n i t i a t e d  and more 
n e u t r o n s  p ro d u c e d  a s  o b se rv e d  by T o n g i o r g i .
6 ,3  F i n a l l y ,  a l a y e r  o f  l e a d  ab o u t  8** t h i c k ,  o r  m a t e r i a l  o f
e q u i v a l e n t  s t o n r i n g  power f o r  gam f ia-rays ,  i s  r e q u i r e d  o u t s i d e  
t h e  n e u t r o n  s h i e l d  t o  remove t h e  n h o t o n s  (510 KeV) a s s o c i a t e d  
w i t h  the  e l e c t r o n - n h o t o n  c a s c a d e .  A low Z m a t e r i a l  may be a 
s l i g h t l y  b e t t e r  s h i e l d  b e c a u s e  t h e  ra n g e  o f  t h e  p e n e t r a t i n g  
p a r t i c l e s  i s ^ m a l l e r  and few e r  n e u t r o n s  a r e  l i k e l y  t o  be 
p ro d u c e d .
F i g u r e  ( 2) i s  a d i a g ram m atica l  e x n r e s s i o n  o f  t h e  
a r ran g em en t  f o r  removal o f  t h e  back g ro un d  c o n t r i b u t i o n  
from cosm ic r a y s .
Hav ing d e c id e d  u^on th e  r o s t  e f f i c i e n t  method o f  r e d u c i n g  
t h e  back g ro un d  c o n t r i b u t i o n  from t h e  cosm ic  r a y s  one has  
n o t e n t i a l l y  t h e  lo w e s t  backg ro u nd  a t t a i n a b l e  -  t h e  l i m i t  
b e i n g  d e t e rm in e d  by th e  d eg ree  to  w h ich  the r e m a in in g  f a c t o r s  
l i s t e d  i n  S e c t i o n  2 .1  o c c u r .  These f a c t o r s ,  t o g e t h e r  w i th  
s u g g e s t i o n s  on how th e y  ca n  be r e d u c e d ,  a r e  c o n s i d e r e d  
b e lo w .
2 .7  L o c a l  R a d i o a c t i v i t y .
R a d i a t i o n  from t h e  s u r ro u n d in g s  o r  c o n s t r u c t i o n  m a t e r i d  ^
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/ m a t e r l n l s  o f  a low backg round c o u n t in g  asserribly may a r i s e  i n  
s e v e r a l  ways.
1 . N a tu ra l_ H ed i o a c t I v l t y .
i i lem en ts  w i t h  n a t u r a l l y  r a d i o a c t i v e  i s o t o n e s  o c c u r  i n  n a t u r e ,  
By d e f i n i t i o n  t h e s e  have v e ry  lo n g  h a l f - l i v e s ,  a p p r o x im a te ly  
th e  age o f  th e  e a r t h ,  b u t  s h o r t - l i v e d  i c o t o n e s  can  o c c u r  i n  th e  
r a d i o a c t i v e  decay c h a i n  i n  e q u i l i b r i u m  w i t h  th e  l o n g - l i v e d  
p a r e n t .  The n a t u r a l  r a d i o a c t i v e  c h a i n s  o f  Uran ium, th o r iu m  and 
a c t in i u m  a r e  t y p i c a l  o f  t h i s  c l a s s  and a r e  th e  taost commonly 
e x p e r i e n c e d ,  b e i n g  found i n  sm a l l  b u t  m e a su ra b l e  q u a n t i t i e s  i n  
n e a r l y  a l l  m a t e r i a l s .  K-40# t h e  r a d i o a c t i v e  i s o t o p e  o f  
p o t a s s i u m  i s  abundan t  i n  n a t u r e  and i s  n e a r l y  a lw ay s  fo und  i n  
b r i c k w o rk ,  cement and g l a s s  and a l l  common b u i l d i n g  m a t e r i a l s .  
G-I4  i s  c o n s t a n t l y  p roduced  by t h e  a c t i o n  o f  th e  cosm ic  r a y s  
i n  t h e  a tm osp l ie re .  A l though  i t  e m i ts  s o f t  b e t a - p a r t i c l e s  w h ich 
a r e  e a s i l y  a b s o rb e d ,  the  r e s u l t i n g  b r e m s s t r a h l u n g  may r e c o r d  i n  
th e  c o u n t in g  sys tem . Less  im p o r t a n t  n a t u r a l  a c t i v i t i e s  a r e  
lan thanum  (L a -1 3 8 ) ,  l u t e c iu m  ( L u - 1 / 6 ) , ind ium ( In -1 1 5 )  a n l  
ru b id iu m  (R b -8 7 ) . The re m a in in g  n a t u r a l l y  r a d i o a c t i v e  i s o t o p e s  
a r e  u n l i k e l y  t o  be t ro u b l e s o m e .
C a r e f u l  s e l e c t i o n  and t e s t i n g  o f  m a t e r i a l s  u sed  f o r  t h e  
c o u n t e r  c o n s t r u c t i o n  and s h i e l d i n g  i s  t h e  o n ly  method o f  a v o id in g  
t h i s  so u rce  o f  back g ro un d  s h o r t  o f  a c t u a l  ch em ica l  s e p a r a t i o n  o f  
th e  a c t i v e  m a t e r i a l .  The r e s u l t s  o f  t e s t s  f o r  a c t i v i t y  on 
s p e c i f i c  m a t e r i a l s  have b ee n  p u b l i s h e d  by s e v e r a l  w o rk e r s  b u t  
t h e s e  v a r y  a g r e a t  d e a l  a c c o r d in g  t o  t h e  so u rce  o f  s u p p ly .  I t /
/ I t  l e  g e n e r a l l y  a g r e e d  t h a t  e l e c t r o l y t i c  co p p e r  i s  u s u a l l y  v e r y  
p u re .  Lead f r e e  b r a s s  i s  a l e c  a s u i t a b l e  c o n s t r u c t i o n  m a t e r i a l *
The a u th o r  f i n d s  t h a t  when b o t h  b r a s s  and co p p e r  a r e  used  
f o r  p r o p o r t i o n a l  c o u n t e r s  a d so rb e d  l a y e r s  o f  rado n  o r  t h o r n  on 
th e  s u r f a c e  i n c r e a s e  th e  backg round .  A c t i v i t y  from t h i s  e f f e c t  
can  be  redu ced  i f  t h e  c o u n t e r s  a r e  t r e a t e d  by th e  me thod d e s c r l t e d  
i n  S e c t i o n  3. In  s c i n t i l l a t i o n  c o u n t in g ,  p o t a s s iu m  p r e s e n t  i n  
th e  g l a s s  o f  th e  p h o t o m u l t i p l i e r s  and sodium io d i d e  c r y s t a l s  
was a t  one t im e th e  ma in so u rce  o f  a c t i v i t y  and e a s i l y  i d e n t i f i e d  
by t h e  c h a r a c t e r i s t i c  gamrna-peak a t  I . 4 6  MeV. M a n u fa c tu re r s  
have b e e n  v e ry  s u c c e s s f u l  i n  r e d u c in g  t h e  p r e s e n c e  o f  t h i s  
m a t e r i a l  to  n e g l i g i b l e  p r o p o r t i o n s .  I t  i s  o u r  e x p e r i e n c e  
t h a t  g am m a - r a d i e t io n  ob se rved  i n  a s c i n t i l l a t i o n  c o u n t e r  
spec t rum  a s s o c i a t e d  w i th  K-40 a r i s e s  from th e  s u r ro u n d in g  
b u i l d i n g  m a t e r i a l s  and can  be rmduced t o  n e g l i g i b l e  p r o p o r t i o n s  
w i th  a d e q u a te  s h i e l d i n g .  Wild s t e e l  i s  a s u i t a b l e  s h i e l d i n g  
m a t e r i a l  a s  i t  has  a v e ry  low p o t a s s iu m  and u ra n iu m - th o r iu m  
c o n t e n t .
A s e n s i t i v e  method o f  d e t e r m in in g  w h e th e r  a c t i v i t y  i s  
a r i s i n g  i n  th e  sh ielding!: and m a t e r i a l s  o u t s i d e  t h e  a c t u a l  c o u n t e r  
i s  t o  p l a c e  a gam na-ray  d e t e c t o r  i n s i d e  t h e  s h i e l d  and r e c o r d  
th e  spec t rum . Then p l a c e  a known l a y e r  o f  p ure  m a t e r i e l ,  such 
a s  e l e c t r o l y t i c  c o p p e r ,  round t h e  d e t e c t o r  and r e c o r d  t h e  
spec t rum  a g a in .  Any p eak s  a p p e a r in g  i n  t h e  d i f f e r e n c e  be tw een  
t h e  a i r  and th e  co p p e r  spec trum  must  be ca u se d  by e x t e r n a l  
r a d i a t i o n .  The me thod depends on t h e  f a c t  t h a t  gam: a - r a d l a t i o n  
u n d e r g o e s /
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/ u n d e r g o e s  t h e  no rm al  e x p o n e n t i a l  a b s o r p t i o n  w h e rea s  th e  cosm ic  
r a y  back g ro un d  I s  r f f l a t i v e l y  u n a f f e c t e d .  (See  *The H a l f - L i f e  o f  
V-50 i n  C h ap te r  l )  #
A f r e q u e n t l y  emp loyed me thod o f  r e d u c i n g  t h e  e f f e c t  o f  gamma 
r a y s  a r i s i n g  from e x t e r n a l  r a d i o a c t i v e  i m p u r i t i e s  i s  t o  n l a c e  a 
l a y e r  o f  t r i p l y  d i s t i l l e d  m e rcu ry  be tw een  t h e  d e t e c t o r  and t h e  
a n t i - c o i n c i d e n c e  r i n g .  W h i ls t  an improvemen t  i n  cou n t  r a t e  h as  
b e e n  r e p o r t e d  t h a t  method d e s t r o y s  t h e  e f f i c i e n c y  o f  t h e  cosm ic  
r a y  s h i e l d  and p r e v e n t s  a t t a i n m e n t  o f  t h e  u l t i m a t e  i n  b a c k g ro u n d .  
The imp roved coun t  r a t e  s im p ly  means t h e r e  i s  a r e l a t i v e l y  h ig h  
a c t i v i t y  i n  t h e  s h i e l d  o r  s u r r o u n d i n g s .  C l a s s  g e i g e r  c o u n t e r s ,  
commonly emp loyed a s  t h e  a n t i - c o i n c i d e n c e  d e t e c t o r s ,  s h o u ld  be  
a v o id e d  a s  t h e y  u s u a l l y  c o n t a i n  K-AO, M eta l  c o u n t e r s  a r e  n o t  
BO p ro n e  t o  t h i s  d e f e c t  and a r e  b e t t e r  b u t  t h e  b e s t  sy s tem  i s  t o  
have t h e  a n t i - c o i n c i d e n c e  sy s tem  b u i l t - i n ,  e . g .  D rev e r  e t  a l .
Rams l e n.
B r e m s s t r a h l u n g  a r i s i n g  from C - I4  a c t i v i t y  i s  e a s i l y  a b so rb e d  
out  i n  t h e  s h i e l d i n g  b u t  c a r e  must be t a k e n  t o  a v o id  h a v in g  
m a t e r i a l s  made from modern c a rb o n  i n s i d e  t h e  s h i e l d .
2 . I n  luced R a d i o a c t i v i t y .
O th e r  p o s s i b l e  f a c t o r s  a f f e c t i n g  t h e  r a d i o a c t i v e  l e v e l  i n  
th e  s u r r o u n d in g s  o f  t h e  c o u n t e r  sys tem  a r e  c a u s e d  by f i s s i o n  
p r o d u c t s  i n  th e  r a d i o a c t i v e  f a l l - o u t  from n u c l e a r  weapons t e s t s ,  
A-4 1  and n e u t r o n s  from r e a c t o r s ,  l a r g e  a c c e l e r a t i n g  m ach in es  i n  
th e  v i c i n i t y ,  a l s o  a i r b o r n e  a c t i v i t y  such a s  ra d iu m ,  th o r iu m  
and t r i t i u m .
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C a r e f u l  e l t l u g  o f  th e  c o u n t i n g  l a h o r a t o r i e e  i n  a p o s i t i o n  
rem ote  from r e a c t o r s  and mnch inee a v o id s  t h i o  so u rc e  o f  r a d i a t i o n ,  
T e s t i n g  and s e l e c t i o n  o f  c o n s t r u c t i o n  m a t e r i a l s  i s  n e c e s s a r y  t o  
e n s u r e  th e  absence  o f  f i s s i o n  p r o d u c t s .  F e rg u son  f l u s h e s  h i s  
equipm en t  c o n t i n u o u s l y  v ' i th  N i t r o g e n  g a s  to  remove th e  e f f e c t s  
o f  a d s o rb e d  r a d i o a c t i v e  g a s e s .  The o t h e r  a l t e r n a t i v e  i s  to  
have a s e a l e d  l a b o r a t o r y  w i t h  a c l o s e d  c y c le  v e n t i l l a t i o n  sys tem  
u n d e r  w h ich  th e  s h o r t e r - l i v e d  a c t i v i t i e s  w i l l  soon d ecay .
3 # C o n s t r u c t i o n  M a te r i? i ls -
Freedom from r a d i o a c t i v e  m a t e r i a l s  i n  t h e  c o n s t r u c t i o n  o f  
t h e  d e t e c t o r  and i t s  immed ia te  a t t a c h m e n t s ,  i n c l u d i n g  t h e  a n t i -  
c o in c i d e n c e  assem b ly ,  i s  o f  t h e  u tm o s t  im p o r tan ce  i n  t h e  
ach ievem en t  o f  v e r y  low b a c k g ro u n d s .  E x p e r im e n ts  sho’v t h a t  
c o n s i d e r a b l e  a c t i v i t y  can  a r i s e  from K-40 and th e  n a t u r a l  13- f h  
s e r i e s  i n  g l a s s  g e i g e r  c o u n t e r s  and P h o t o n u l t l p l i e r s ,  and t h e s e  
sh o u ld  be av o id ed  where p o s s i b l e .  R e c e n t l y  m a n u f a c t u r e r s  have 
b e e n  b u i l d i n g  p h o t o m u l t i p l i e r s  w i t h  p o t a s s l u m - f r e e  g l a s s  
s p e c i a l l y  s u i t e d  f o r  low b ackg rou nd  a p ' ^ l i c a t i o n s .  I f  g e i g e r  
c o u n t e r s  a r e  u sed  f o r  a n t i - c o i n c i d e n c e  work th e y  s h o u ld  be made 
front b r a s s  o r  c o p p e r  as  t h e s e  a r e  u s u a l l y  o f  h igh  - u r i t y .
P r o p o r t i o n a l  c o u n t e r s  c o n s t r u c t e d  from l e a d - f r e e  b r a s s  o r  
e l e c t r o l y t i c  co o p e r  v / i th  q u a r t z  o r  e b o n i t e  i n s u l a t o r s  have b e e n  
found  t o  g iv e  g o d  r e s u l t s  a l t h o u g h  some a c t i v i t y  h a s  b e e n  t r a c e d  
t o  a d s o rb e d  a c t i v e  g a s e s  e . g .  (Rn,Tn) on t h e  w a l l s  o f  t h e  c o u n t e r .  
P u rg in g  w i t h  n i t r i c  a c i d  and d i s t i l l e d  w a t e r  g r e a t l y  r e d u c e s  
t h i s  a c t i v i t y  e s p e c i a l l y  i f  t h e  c o u n t e r  i s  n ev e r  opened d i r e c t l y /
/ d i r e c t l y  t e  th e  a tm o sp he re .  I f  t h e  b ack g ro u n d  co u n t  r a t e  o f  a 
d e t e c t o r ,  ke*nt o u t  o f  c o n t a c t  ; - l th  th e  a tm o sp h e re ,  f a l l s  o f f  w i t h  
t im e ,  one can  assume t h i s  I s  c a u s e d  by tine decay o f  a d s o rb e d  
a c t i v i t y  -  u s u a l l y  o f  t h e  f o u r  day ra d o n .
The quench ing  a g e n t s  u sed  im most p o r o o r t i o n a l  c o u n t e r s
c o n t a i n  modern c a rb o n  wh ich con  r i b u t e s  t o  t h e  co u n t  r a t e .  I t  
i s  p o s s i b l e  to  o b t a i n  such g a s e s  a s  m e th a n e , a c e t y l e n e ,  GOg, made 
from o ld  ca rb o n  t h u s  remov ing a no t  tier so u rc e  o f  b ack g ro u n d .
The e f f e c t  o f  r a d i o a c t i v e  l u 'p o r i t i e s  i n  th e  c o n s t r u c t i o n
m a t e r i a l  o f  r r o n o r t i o n a l  c o u n t e r s  CjH be l a r g e l y  remove! by 
b u i l d i n g  th e  w a l l - l e s s  t y v ^  o f  c o u n t e r .  As t h i s  c o u n t e r  has  a 
b u i l t - i n  c n t i - c o l n c i l e n c e  ey s tem any c o u n t s  f rm r P a r t i c l e  
a c t i v i t y  In  th e  w a l l s  a r e  v e t o e d .
M i l l e r  (16) h as  a n a ly s e d  t h e  s p e c t r a  o b t a i n e d  w i t h  so l ium  
i o d i d e  c r y s t a l s  r e c o r d i n g  c o i n c i d e n c e s  and a n t i - c o i n c i d e n c e s  
w i t h  cosm ic  ray  c o u h t e r e  s u r r o u n d in g  t h e  c r y s t a l s .  he c o n c lu d e s  
t h a t  t h e r e  i s  Ra-2 2 6  i n  the  a lumin ium c a s i n g  and t h a t  t h e r e  i s  
K-40 i n  th e  P h o t o tu b e s ,  c r y s t a l  a n l  c a n n in g  w indows. When th e  
c r y s t a l  was canned  i n  s t a i n l e s s  s t e e l  w i t h  a q u a r t z  window a 
f a c t o r  o f  two r e d u c t i o n  i n  back g ro u nd  was o b t a i n e d .  The ffinal 
beck r  round  b e in g  I5 0  c /m in .  >  gO KeV u n d e r  B** t h i c k  s t e e l  f o r  a 
4 ** X l|-** Nal c r y s t a l .  A l p h a - e c t i v i t y  o b s e rv e d  from th e  m a t e r i a l t  
c o n f i rm e d  th e  p r e s e n c e  o f  U-Th s e r i e s  a s  commonly e x p e r i e n c e d  by 
t h e  a u t h o r .  ‘^ ^urainiurn has b e e n  found t o  be a bad m a t e r i a l  f o r  
low backg round  - o rk  c o n f i rm in g  And« reons (17) r e s u l t s .  A
c r y s t a l  w i t h  e l e c t r o l y t i c  co p p e r  can  and qu^^rtz window was fo u n d /
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/ f o u n d  t o  g ive  18 c /m ln /c u h .  I n s .  conmared w i t h  24  C /m ln /cu b ,  i n s .  
f o r  an a lumin ium c r y s t a l  u n a e r  20** s t e e l  and w i t h  t h e  b i a s  l e v e l  
a t  30 KeV.
A t tem p ts  t o  r e d u c e  th e  b ack g ro u n d  i n  c r y s t a l s  by  u s i n g  cosm ic  
r a y  c o u n t e r s  i n  a n t i - c o i n c i d e n c e  have no t  b e e n  a s  s u c c e s s f u l  a s  
have t h o s e  w i t h  p r o p o r t i o n a l  c o u n t e r s .  ^ o t h  g e i g e r  c o u n t e r  and 
s c i n t i l l a t i o n  c o u n t e r  a n t i - c o i n c i d e n c e  a s s e m b l i e s  r e d u c e  t h e  
b ac k g ro u n d  o f  t h e  d e t e c t o r  by o n ly  abou t  3^'^* The n e u t r o n  
c o n t r i b u t i o n  t o  t h e  coun t  r a t e  o f  a c r y s t a l  can  be o b t a i n e d  u s i n g  
B rook’ s (18) me thod o f  r i s e  t im e  d i f f e r e n c e s  i n  a n t h r a c e n e  o r  
a l t e r n a t i v e l y  t o  s h i e l d  th e  c r y s t a l  w i t h  b o r o n - l o a d e d  p o l y t h e n e  
and o p e r a t e  i t  w i t h  an a n t i - c o i n c i d e n c e  a n u l u s .
2 .8  S h i e l d e d  L a b o r a t o r i e s .
The e l a b o r a t e  s h i e l l i n g  a r ra n g e m e n ts  o u t l i n e d  i n  s e c t i o n
2 .6  was n o t  a v a i l a b l e  f o r  t h e  e x p e r im e n t s  d e s c r i b e d  h e r e .  How­
e v e r ,  t h e  g e n e r a l  p r i n c i p l e s  p e r t a i n i n g  t o  low b a c k g ro u n d s  were 
a p p l i e d  by u t i l i s i n g  an u n d e rg ro u n d  s i t e  a t  Glasgow U n i v e r s i t y  
and t h e  s p e c i a l  low backg rou nd  f a c i l i t i e s  a t  A. V.R.B, A ld e rm a s to n .  
I n  t h e ^ l a b o r a t o r i e s  t h e  b e s t  c o u n t e r  b a c k g ro u n d s  so f a r  a t t a i n e d  
by o t h e r  w o rk e rs  i n  a stud^r o f  t h e  doub le  and t r i p l e  i s o b a r s  
werti s u r p a s s e d .
1 . The Underg round L a b o r a to ry  a t  Glasgow U n i v e r s i t y .
I n  an a t t e m p t  t o  re d u ce  t h e  cosm ic  r a y  b ackg rou n d  a 
l a b o r a t o r y  was f i t t e d  out  i n  a 31su scd  co a lm in e  w h ich  r u n s  u n d e r  
t h i s  U n i v e r s i t y .  The l a b o r a t o r y  was 90 f e e t  u n d e rg ro u n d  and 
t e s t  m easurem en ts  made w i th  a g e i g e r  c o u n t e r  i n d i c a t e d  t h a t  th#^
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/ t h e  p a r t i c l e  comronen t  was r e d u c e d  by a f a c t o r  o f  t h r e e  on th e  
s u r f a c e  i n t e n s i t y .  However, t h e  b ac k g ro u n d  f o r  a ?*’ d i a m e te r  
N al(Tê)  c r y s t a l  r e c o r d e d  i n s i d e  and o u t s i d e  a 4 " s t e e l  s h i e l d  
i n  t h e  undeivground l a b o r a t o r y  showed a f a c t o r  o f  tw en ty  
d l i f e  r e  nee .  T h i s  i s  i n t e r p r e t e d  t o  be due t o  a Y - f l u x  p r e s e n t  
i n  t h e  s u r r o u n d in g s  o f  th e  m ine.  A ieo  t h e  b a c k g ro u n d  o f  the  
c r y s t a l  on th e  s u r f a c e  has o n ly  a s l i g h t  s l o p e  when a d d i t i o n a l  
l a y e r s  o f  l e a d  a r e  p l a c e d  o v e r  a 4^ l e a d  s h i e l d  w h e r ea s  i n  t h e  
m ine t h e  elo-ne im nuch s t e e p e r .  As an  a d d i t i o n a l  ch e ck  ro c k  
sam p les  were t a k e n  from th e  s u r r o a n d in - ’s and co un t  r a t e s  
r e c o r d e d .  T ab le  4 shows t h e  r e s u l t s  w h ich  i n d i c a t e  t h a t  a 
s l ia le  b ed  on th e  r o o f  o f  t h e  l a b o r a t o r y  i s  t h e  p r im a ry  cau se  
o f  t h e  a c t i v i t y  w i t h  sma"’l e r  c o n t r i b u t i o n s  from t h e  m i n e r a l  v e i n  
i n  one w a l l  and from t h e  s u r r o u n d in g  b r i c k w o rk .  D e s p i t e  th e  
d i s a d v a n t a g e  o f  t h i s  l o c a l  c o n t a m i n a t i o n  ( l a t e r  s cwn t o  be due 
t o  th e  Ü-238, U-235 and Th-232 n a t u r a l l y  r a d i o a c t i v e  s e r i e s )  i t  
was fo und  t h a t  w i t h  t h e  l e a d  s h i e l d i n g  i n c r e a s e d  t o  8'* t h i c k  
most  o f  t h e  y - r a  l i s t  i o n  wbe removed and a v e ry  good back g ro u nd  
o b t a i n e d .
Ta blii: 4 .
Background o f  c r y s t a l  > 63 Kev -  36 c /m in .
Sample Coun ts  p e r  m inu te  r e v  210 grr.s.
( t o  s t u t l s t l c a l  a c cu rao y )
B r ic k  50
Cement 36
M in e ra l  V ein  40
S ha le  77
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The cou n t  r a t e  be low b ack g ro u n d  from th e  s a n d s to n e  i s  c a u se d  
by th e  s e l f - s h i e l d i n g  e f f e c t  o f  th e  s o u r c e .
Two me thods o f  r a i s e  a n a l y s i s  were u s e d .  I n  t h e  f i r s t  
method n u i s e s  from t h e  d e t e c t o r  were  a m p l i f i e d ,  d i s p l a y e d  on an  
o s c i l l o g r a p h  and r e c o r d e d  on 3 *^ nm f i l m  w i t h  a camera g e a r e d  
t o  use 100 f e e t  o f  f i l m  i n  12 h o u r s .  T h i s  p r o c e d u re  has  th e  
ad v a n ta g e  i n  t h a t  any s p u r i o u s  p u l s e s  a r e  e a s i l y  r e c o g n i s a b l e  
and can  be l i s c a r d e d  a l s o  i n  t h e  e v e n t  o f  b reakdown d u r i n g  a ru n  
some o f  t h e  r e s u l t s  c a n  be s a lv a g e d .  On t h e  o t h e r  h a n ’, a n a l y s i s  
o f  t h e  r e s u l t s  i s  p e r  ormed m an u a l ly  on a p r o j e c t o r  -  a v e r y  
t e d i o u s  t im e  -  consuming t a s k  a s  an a v e ra g e  ru n  o f  12 h o u r s  
r e q u i r e s  abou t  48 h o u r s  a n a l y s i s .
A me thod was d e v e lo p e d  f o r  t r a n s m i t t i n g  t h e  p u l s e s  a l o n g  
400 f e e t  o f  c a b l e ,  u s i n g  a b o o s t e r  c a th o d e  f o l l o w e r ,  t o  a p u l s e  
h e i g h t  a n a l y s e r  s i t u a t e d  a t  g round  l e v e l .
2 . The ,W a t e r - S h i e ld e d  L a b o r a to ry ,  a t  A.W.R.S..
T h i s  l a b o r a t o r y  i s  a c i r c u l a r  room I8  f e e t  i n  d i a m e t e r
c o n s t r u c t e d  ou t  o f  1 in c h  t h i c k  m i ld  s t f e l  p l a t e  and su r ro u n d e d  
by an o u t e r  s h e l l  w h ich  p e r m i t s  6 f e e t  o f  w a t e r  shie"* l in g  round  
th e  s i d e s  and 7 f e e t  on t o p .  The do o r  i s  12 i n c h e s  t h i c k  s t e e l .
A p r i n c i p l e  a p p l i e d  t o  th e  c o n s t r u c t i o n  ^ a s  t o  e x c lu d e  any 
p o s s i b l e  p a t h  w h ich d i d  no t  pas"  th ro u g h  a t  l e a s t  one f o o t  o f  
s t e e l  o r  i t s  e q u i v a l e n t .  A l l  p a i n t s  and c o n s t r u c t i o n  m a t e r i a l s  
we re  t e s t e d  f o r  a c t i v i t y  w i t h  f^eiger  and s c i n t i l l a t i o n  c o u n t e r s  
and o n ly  th e  m a t e r i a l s  w i t h  no o b s e r v a b l e  a c t i v i t y  we re  u s e d .
No e l e c t r o n i c  equ ipm en t  o t h e r  t h o n  r r e - a m p l i f i e r s  we re  p e r m i t t e d  
i n e i d e  t h e  c e l l ,  t h e  e i g n a l  and '^ower c a b l e s  b e i n g  l e d  th ro u g h  
th e  t a n k  w a l l  t o  t h e  o r l i n a r y  a d j a c e n t  l a b o r a t o r y  whe re  t h e  
n e c e s s a r y  e l e c t r o n i c s  were s t o r e d .
R e s u l t s  on backg round  e x p e r im e n t s  w i th  p r o p o r t i o n a l  and 
s c i n t i l l a t i o n  c o u n t e r s  show t- i s  low b a c k g ro u n d  l a b o r a t o r y  i s  
a b e t t e r  s h i e l d  t h a n  12’* o f  s t e e l  s h i e l d i n g  i n  t h e  b r i c k  
l a b o r a t o r y .
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0 b a r t e r  3 .
The T r i p l e  I s o b a r s  (L a -138. V-5 0  and L u -176) .
3*1 The N a t u r a l  R a d i o a c t i v i t y  o f  Lanthanuia.
An i n v e s t i g a t i o n ,  u s in g  a n r o n o r t i o n a l  c o u n t e r ,  i n t o  th e  
re 'Horted p  a c t i v i t y  o f  La-138 and an a t t e m n t  t o  e s t a b l i s h  t h e  
decay scheme by means o f  z r - r a y  c o in c id e n c e  m e thods ,  u s i n g  
s c i n t i l l a t i o n  c o u n t e r s ,  was co n d u c te d  i n  t h e  u nd e rg ro u n d  
l a b o r a t o r y  a t  Glasgow,
1 . E x r e r im e n t ^ l  A rranven  n t r .
The s c i n t i l l a t i o n  s ^ a t r o n e t e r  c o n s i s t e d  o f  a 2 i n c h  h ig h  
X 2 i n c h  d i a m e te r  Nal c r y s t a l  mounted on a Duî^iont 6292 
• n h o t o m u l t in l i e r  and su rro u n d e d  on a l l  s i d e s  by 8 in c h  l e a d .
The a m p l i f i e d  o u tp u t  -nuises were  f e d  i n t o  a c a b l e  4^0 f e e t  lo n g  
and a n a l y s e d  a t  t h e  s u r f a c e  by means o f  a 1 0 0 -c h a n n e l  l iu tc h in s o n -  
S c a r r o t t  k i c k s o r t e r .  The t o t a l  backg round  above 70 Kev was 
re d u c e d  t o  80 c o u n t s  -ner - i n u t e  cormored w i t h  250 c . p . n .  a t  
g round l e v e l .
C o in c id en ce  e m e r i m e n t s were c a r r i e d  ou t  u nde r  t h e  same 
s h i e l d i n g  c o n d i t i o n s ,  the  seco nd  d e t e c t o r  b e in g  a Nal c r y s t a l  
o f  t h e  same s i z e  and i d e n t i c a l l y  moun ted.
F o r  th e  d e t e c t i o n  o f ^  - r a y s  th e  sy s tem  used  was b a s i c a l l y  
t h a t  d e s c r i b e d  by D ixon and McNair . The - o r o r o r t i o n a l  tu b e  
s n e c t r o m e te r  was s u r ro u n d e d  by  two r i n g s  o f  G e ig e r  c o u n t e r s  and 
s h i e l d e d  by 4 In c h  l e a d  and 1 in c h  i r o n  on a l l  s i d e s .  The
p r o p o r t i o n a l  c o u n t e r ,  d i a m e te r  1 4 .4  cm, h a s  b ee n  m o l i f i e d  so th a t /
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/ t h s t  1 2 .1  cm o f  i t s  c a th o d e  I s  f u l l y  o p e r a t i v e ,  g i v i n g  an 
a v a i l a b l e  i n t e r n a l  c a th o d e  a r e a  o f  145^ cm^, an i n c r e a s e  o f  
r o u g h l y  As p r e v i o u s l y  d e s c r i b e d ,  t h e  a m p l i r i e d  p u l s e s
were  d i s p l a y e d  o s c i l l o g r a p h i c a l l y  and f i l m e d .  W i th t h e  c o u n t e r  
a t  a p r e s s u r e  o f  4 atm. ( a rg o n -m e th an e  m i x t u r e ) ,  t h e  b ac k g ro u n d  
above 20 Kev was 2/  c .n .m .  a s  compared w i t h  a v a l u e  o f  5^ c .p .m .  
a t  PTound l e v e l ,  and 30 c .p .m .  I s  th e  b asem en t  s i t e  u s e d  by 
D ixon and McNair ( 1954) some 10 f e e t  be low  g round l e v e l .  The 
r e a s o n  f o r  t h e  r a t h e r  d i s a p p o i n t i n g  d e c r e a s e  i s  t h e  i n c r e a s e d  
low e n e rg y  Y - r a y  f l u x ,  m a in ly  due t o  w h ich  c a n n o t  be
c o m p l e t e l y  ab so rb e d  by t h e  a v a i l a b l e  s h i e l d i n g .
2 . Oari a -  Ray üpoc t rum.
The source  c o n s i s t e d  o f  7 g o f  La^O^, d i s t r i b u t e d  u n i fo rm ly  
round  t h e  c r y s t a l ,  t h e  a v e ra g e  so urce  t h i c k n e s s  b e i n g
pa p p r o x im a te ly  J O  mg/'cm . The a c t i v i t y  due to  t h e  s o u rc e  was
19 c . p . m .  a g a i n s t  a backg round  o f  49 c.TJ.m. The sp e c t ru m  w i t h
b ac k g ro u n d  s u b t r a c t e d  ( F ig .  l )  shows t h e  p re senc -  o f  two V - r a y s
o f  e n e r g i e s  ( 0 , 8l  t  O.Ol) and ( 1 .4 4  -  0 . 0 2 ) Mev. No o t h e r
Y - r a y  was o b se rv e d  w i th  en e rg y  < 2 .5  Mev. I n  p a r t i c u l a r ,  c l o s e r
i n v e s t i g a t i o n  f a i l e d  t o  r e v e a l  e i t h e r  a n n i h i l a t i o n  r a d i a t i o n ,
w h ich  would be e x p e c t e d  i f  ( i^ -e r r i is s io n  o c c u r r e d ,  o r  a V - r a y  o f
e n e rg y  O.535 Mev. I t  seems p r o b a b l e  t h a t  s t a t i s t i c a l
( ? )f l u c t u a t i o n s  c a u s e d  P r i n g l e  e t  a l  t o  i n t e r p r e t  t h e  Compton 
edge o f  tlie O.Bl Mev - r a y  a s  e v id e n c e  f o r  t h e  e x i s t e n c e  o f  a 
0 .5 3 5  M e v V - ra y .
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The need f o r  s o u rc e s  o f  v e r y  h ig h  ch e m i c a l  n u r l t y  must be  
em ph as ised .  S o e c t r o g r a 'n h i c a l l y  ■nure was found  t o  g iv e
a sp ec t ru m  show ing s e v e r a l  c o n t a m i n a t i o n  -neaks a t  e n e r g i e s  
<400 Kev, t h e i r  t o t a l  a c t i v i t y  b e i n g  c o n s i d e r a b l y  g r e a t e r  th a n  
t h a t  o f  t h e  h igh  en e rg y  gamma r a y s .  An e x t r e m e ly  n u re  samn le ,  
k i n d l y  su-^^iied by Or. 'V, Turc  h i  n e t  z o f  t h e  U n i v e r s i t y  o f  
M an i toba ,  Canada, showed n r a c t i c a l l y  no low en e rg y  c n n t a m in a t i o n ,
3. Be ta-Rny Soectrura.
0 .9 2 7  g o f  t h e  '^ure f i n e l y  d i v i d e d  LapO^ powder ,  suspended  
i n  amyl a c e t a t e  c o n t a i n i n g  a d rop  o f  D u r o f ix  a s  a d h e s iv e  a g e n t ,
pwas s r r e a d  o v e r  85O cm' o f  t h e  removab le  corn ier l i n i n g  o f  th e  
p r o p o r t i o n a l  c o u n t e r ,  th e  so u rce  b e i n g  k e n t  w e l l  w i t h i n  th e  
e f f e c t i v e  c o u n t in g  volume. The av e rag e  s o u rc e  t h i c k n e s s  was
1 ,1  mg/cm . The c o u n t e r  was f i l l e d  t o  a p r e s s u r e  o f  4 a tm . ,  
and c a l i b r a t e d  by means o f  t h e  4 6 .7  Kev V - r a y s  o f  Radium D.
The cnec t rum o b t a i n e d  ( F i g .  2) i n d i c a t e d  a maximum en e rg y  
o f  (209 t  10) Kev f o r  th e  - r a y .  The end p o i n t  was o b s e rv e d ,  
more c l e a r l y  (F ig .  2 i n s e t ) ,  by u s i n g  a t h i c k e r  s o u rc e  and 
low e r  a m p l i f i e r  g a i n .  The re  was no i n d i c a t i o n  o f  a ^ - r a y  o f
I IPmaximum ene rgy  ^ 1 , 0  Mev and p a r t i a l  h a l f - l i f e  1 .2  x 10 y e a r ,  
a s  r e p o r t e d  by M ulho l land  and Kohman (1 9 5 2 ) ,  a l t h o u g h  such  an 
a c t i v i t y  would have b ee n  w e l l  w i t h i n  t h e  l i n i i  s o f  d e t e c t i o n  o f  
th e  sy s tem  used .  A t h i n n e r  s o u rc e ,  0 ,3 7  mg/cm^, was u se d  t o  
examine th e  spec t rum  b e l  o r  50 Kev, The shape mus t  be d i s t o r t e d  
due to  t h e  n e c e s s a r y  source  t l  I c k n e s s ,  b u t  th e  r e s u l t s  s u g g e s t /
-55*^
/ s u g g e s t  t h a t  t h e  spec t rum  e x h i b i t s  a r e a l  r i s e  a t  low e n e rg y .  
F u r t h e r  i n v e s t i g a t i o n  w i t h  a s u f f i c i e n t l y  e n r i c h e d  s o u r c e ,  a s  
y e t  n o t  a v a i l a b l e ,  i s  r e q u i r e d  t o  co n f i rm  t h a t  t h e  sn ec t ru m  
shane i s  in d e e d  s i m i l a r  t o  t h a t  o f  ( 3 , 4 ) .
4# O oinc idem je  iiîxnerimentÜM
The so u rc e  was p l a c e d  b e tw een  t h e  two c y r s t a l s .  The
o u tp u t  p u l s e s  from one p h o t o n iu l t i ^ l i e i* ,  a f t e r  anr l i f i c a t l o n ,  
were p a s s e d  th ro u g h  p u l s e  l e n g t h e n e r  and b r l g h t r n o r  c i r c u i t s  
and v iew ed  on a c a th o d e  r a y  tube  a s  a spec t rum  o f  b r i g h t  s p o t e  
i n  t h e  X - d i r e c t i o n .  The ’^ u l s e s  'rom t h e  o t h e r  m u l t i p l i e r  were 
a m p l i f i e d  and l e n g t h e n e d ,  and t h e n  ap’^ l i e d  i n  t h e  Y- d i r e c t  i o n ,  
so t h a t  a c o i n c id e n c e  ap '^ea rad  a s  a b r i g h t  S''Ot whose d i s ­
p l a c e m e n t  from t h e  X and Y -axes  was p r o p o r t i o n a l  t o  th e  e n e rg y  
s ^ n t  i n  ea ch  c r y s t a l .  The r e s u l t i n g  p a t t e r n  was f i l m e d  a s  a 
s e r i e s  o f  t e n  m inu te  e m o  s u r e s  and a n a l y s e d .
F o r  t h e  i n v e s t i g a t i o n  o f  T>ossible c o i n c i d e n c e s  b e tw e en  th e
0 . 8 l  and 1 .4 4  r e v i r - r a y s ,  o n ly  c o i n c i d e n c e s  i n  wl i c h  an en e rg y  
> 0 .6 5  Mev was s p e n t  i n  b o t h  c r y s b a l s  were c o n s i d e r e d .  The 
t o t a l  co in cA en ce  r a t e s  f o r  s o u rc e  -h backg rou nd  and back g ro un d  
r o c t I v e l y  were 106 t  10 and 9^ -  10 c o i n c i d e n c e s  p e r  6 h o u r s .  
From a know ledge o f  t h e  geom e t ry  and t h e  ?< - ray  c o u n t i n g  r a t e s  
i n  e a c h  c r y s t a l ,  a c o i n c id e n c e  r a t e  g r e a t e r  th a n  tw i c e  t h e  
b ac k g ro u n d  r a t e  would have b e e n  e:P?cc ted. Hence t h e s e  two 
^ - r a y s  c a n n o t  be i n  c o i n c i l m c e .  13-"am ina tion o f  the  en e rg y  
rt g i o n  0 .3 5  -  0 ,6 5  Mev gave no e v id e n c e  o f  c o i n c i d e n c e s  b e tw e e iy
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/b e t w e e n  a n n i h i l a t i o n  q u a n tn ,  I n d i c a t i n g  t h a t  'i' ’^- e m l e s l o n ,  I f  I t  
o c c u r s ,  must be o f  v e ry  low I n t e n s i t y ,  c e r t a in ly  < 1^, conroared 
w i t h  e l e c t r o n  c a n t u r e .  I n  th e  K -T f 'co lnc ldence  OTmerlment a 
l o a d  a b s o r b e r ,  3 t h i c k ,  r e s  ■nlaced b e tw e e n  t h e ' a ' - r a y  c o u n t e r  
and t h e  so u rce  t o  o r e  v e n t  any I o d in e  e s c a p e  x-ri^ys b e i n g  
o b se rv e d  In  t h e  c r y s t a l  whlc/' d e t e c t e d  th e  ' ' - r a y s  s in c e  th e  
en e rg y  o f  such x - r r y s  I s  c l o s e  t o  t h a t  o f  b a r iu m  K ^ - r a y s ,  ^he
spectrum o f  ■nuises I n  c o in c id e n c e  w i th  t h e  b a r iu m  K x - r a y s
( F ig .  3 ) c l e a r l y  shows t h a t  on ly  t h e  1 .4 4  M ev i r -  r a y  f o l i o  s K- 
c a p t u r e .  ^he number o f  c o i n c i d e n c e s  u n d e r  t h e  1 .4 4  Mev peak  
a lo n e  I c  21 I n  6 h o u r s ,  compared w i th  a b ack g rou nd  o f  4 *
Ï 0  i n v e s t i g a t e  c o i n c i d e n c e s ,  a r e l a t i v e l y  t h i n  sou rce  
would be r e '^ u i r e d  t o  Thermit d e t e c t i o n  o f  t h e  ^ - r a y s .  Because 
o f  th e  v e ry  r e s t r i c t e d  source  a r e a  a v a i l a b l e  In  such  an 
e x p e r im e n t .  I t  was no t  c o n s ld e r n d  t o  be f e a s i b l e .
The decay scheme p r o ^ o re d  on t l \e  b a s i s  o f  t h e s e  e x p e r i m e n t s
i s  s h o rn  i n  f i g .  4*
5. Decay Oons t&n ts .
S in ce  t h e  1 .4 4  Mevif^-ray f o l l œ ; s e l e c t r o n  c e r t u r e , t h e  
s -^ e c i f l c  a c t i v i t y  o f  t h i s  b r a n c h  can  be s l m r l y  d e t e r m in e d  by 
com pa r ison  1 t h  th e  1 .4 6  M e v V -ra y .  U s ing  th e  2 In c h  Nal 
c r y s t a l ,  s n e c t r a  were t a k e n  w i t h  s o u rc e s  o f  La^O^ and KGl u n d e r  
i d e n t i c a l  g e o m e t r i c a l  cond i t ions .  The d e t e c t i o n  e f f i c i e n c y  o f  
th e  c r y s t a l  was assumed t o  be th e  same f o r  e a c h V - r a y .  By
m ea su r in g  th e  t o t a l  c o u n ts  un de r  th e  I.4/1 Mev and
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,40/  K n e a k s ,  knô 'r lng t h e  mass o f  each  s o u rc e ,  and u s i n g  a v a lu e  
o f  3*47 gemmas/s e o / g  K f o r  t h e  s p e c i f i c  a c t i v i t y  o f  Tjotasslura 
(mean v a lu e  o f  t h e  r e s u l t s  o f  B a c k e n s to s s  and G o e l ) e l ; a n d  
HcNalr e t  t h e  s p e c i f i c  a c t i v i t y  o f  th e  e l e c t r o n  c a n tu r e
b r a n c h  was found t o  be 3O.9 ±  1 .2  d l s  1 n t e g r a 1 1 o n s /m ln /g  La.
S ince t h e  abundance o f  i s  0.089^0 t h e  e l e c t r o n  c a p t u r e
p a r t i a l  h a l f - l i f e  i s  ( I . 6 4  O.06) x  10^^ y e a r s .  T h i s  r e s u l t
nii s  i n  agr'^'ement w i t h  t h a t  o f  2 x 10 y e a r s  de te r r i j lned  by
P r i n g l e b u t  no t  w i t h  t h e  v a l u e  o f  4 3^ 10“ ^ y e a r s  e s t i m a t e d  by 
 ^8 )b e l l g '  from t h e  o b s e r v a t i o n  o f  BaK x - r a y s  u s in g  a ■n rono r t lona l  
c o u n t e r .
By com pa r ison  w i t h  the  r a y  snec t rum  e x t r a p o l a t e d  t o
z e ro  en e rg y  t h e  c o u n t s  i n  th e  "^oijiPton d i s t r i b u t i o n  o f  t h e  ^^®La 
1 .4 4  Mev V - r a y  were  e s t i m a t e d .  Hence, kno Ing t h e  t o t a l  c o u n t s  
^1» 1^ 2 due to  t h e  1 .4 4  and 0 ,8 1  liev ^ - r a y s  r e s p e c t i v e l y  th e  
P a r t i a l  h a l f - l i f e  o f  th e  V b r a n c h  can  be deduced : rom t h e  fo rm ula
where t  and t ^  a r e  tl ie  p a r t i a l  h a l f - l i v e s  o f  t h e  and K -c a p tu re
b r a n c h e s  and th e  t o t a l  mass a b s o r p t i o n  c o e f f i c i e n t s  f o r
th e  1 .4 1  and 0 , 8l  Lev y - r a y s  r e s p e c t i v e l y ;  m i s  t h e  av e ra g e
ot h i c k n e s s  i n  g/cm'" o f  th e  Nal c r y s t a l . The p a r t i a l  h a l f - l i f e  
t i .u s  deduced was ( 3 . 5 — G.3) x 10^^ y e a r s ,  th e  c o r r e s p o n d in g  
s p e c i f i c  a c t i v i t y  b e in g  ( 1 4 .6  ± 1 .2 )  d i s i n t e g r a t i o n s / m i n / g  La.
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U s lng  t h e  t h i n n e r  so urce  In  t h e  p r o p o r t i o n a l  c o u n t e r ,  t h e
- r a y s  w i th  ene rgy  > 4 Kev were c o u n t e r .  By s u b t r a c t i n g  th e
BaK x - r a y s  d e t e c t e d  follo'^.’ln g  e l e c t r o n  cs -^ tu r^ ,  e x t r a p o l a t i n g  th e
3 c o u n t i n g  r a t e  t o  ze ro  e n e rg y ,  and c o r r e c t i n g  f o r  s e l f -
a b s o r r t l o n  and b a c k s c a t t o r l n g  ( 45^) ( 6 ) n s p e c i f i c  a c t i v i t y
o f  ( 1 2 . 4  -  2 .1 )  b e t a s / m i n / g  La was o b t a i n e d .  The l a r g e  p ro b a b l e
e r r o r  I s  m a in ly  due to  po o r  s t a t i s t i c s  s in c e  t h e  o b s e rv e d
c o u n t in g  r a t e  from th e  so u rce  was o n ly  2 .5  c . p . n .  compared w i t h
a b ackg round  o f  2 9 .7  c . p . n .  The p a r t i a l  h a l ^ - l i f e  i s  ( 4 . I  — O.7)
X 10^ “ y e a r s .  The s p e c i f i c  a c t i v i t y  i s  p e rh o p s  s l i g h t l y  lov/er
t h a n  t h a t  found by  th e  p r e v i o u s  me thod. he sug 'o s t e d  spec t rum
shape would p r o v i d e  a s im p le  e - p l a n a t l o n ,  s in c e  even  th e  t h i n n e r
so u rc e  would a b so rb  n a p p r e c i a b l e  f r a c t i o n  o f  t h o s e  i3 - r a y s  w i t h
v e ry  low en e rg y .
From t h e s e  r e s u l t s ,  u s i n g  th e  mean o f  th e  two v a l u e s  f o r
th e  a c t i v i t y  o f  t h e  3 b r a n c h ,  i t  I s  c o n c lu d e d  t h a t  a p p r o x im a te ly
H  8JOp o f  t h e  d i s i n t e g r a t i o n s  p ro c e e d  by e l e c t r o n  c a p t u r e  t o  ' Ba 
and 3^^  b y ^ - d e c a y  t o
6 . D lccus^; ion.
n RThe s p in  o f  t h e  g round s t a t e  o f  La h as  b e e n  r e p o r t e d  t o
be 5 (9) ' The s h e l l  model p r e d i c t s  (d-7/0. G-,/r.) c o n f iodura t ionp r e d i c t s  (^3 /2*  ^ 7 / 2 '  c o n f i  - u r a t io r  and hence even p a r i t y .  S ince  i;ne o p in  o r  rn e  i i r s t  ex c i i ie a
s t a t e  o f  an e v e n -e v e n  n u c le u s  I s  a lm o s t  i n v a r i a b l y  2 +
b o t h  th e  e l e c t r o n  c a p t u r e  and 3 - t r a n s i t i o n s  m igh t  be e x p e c t e d /
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/ e x p e c t e d  t o  be 1- 5 » i . e .  un ique  2 n l  f o r b i d d e n .  However,
t h e  e rr)R r im en t  a 1 l o g  f t  v a lu e  f o r  t h e  3 —tocay i s  1 9 . 0 ,
co r re sT ’ond l iig t o  a '}V(l f o r b i d d e n  t r a n s i t i o n ,  no t  2 nd f o r b i d d e n .
(11)Goewert-iViayer has p o i n t e d  ou t  t h a t  th e  odd r a r i t y  o f  th e
g round  s t a t e s  o f  and ^^^1 I n d i c a t e s  t h a t  th e  h ^ ^ g
l e v e l  can  be occu-n led by an odd number o f  neu tro r ia  i n  th e  gi’ound
133s t a t e s  o f  odd-odd n u c l e i .  lienee i n  La i t  i s  -n o ss ib le  t h a t
th e  l a s t  odd n e u t r o n  i s  i n  an l e v e l  i n s t e a d  o f  d^yg- '^he
p a r i t y  would t h e n  be odd, and a 3 rd  f o r b i d d e n  a  1=3, y@8
t r a n s i t i o n  would r e s u l t .  C o n f i rm a t io n  t h a t  th e  La S - s r e c t r u m
has t h e  same sha^e as  t h a t  o f  would s u p r o r t  t h i s  s u g g e s t i o n ,
s in c e  Kb i s  t h e  o n ly  kno m 1= 3 * y e s  t r a n s i t i o n .
^ in c e  t h e r e  a r e  s e v e r a l  e x c i t e d  s t a t e s  o f  ^^®Ba<2.5 Mev 
(12)above g round  th e  r r e s e n c e  o f  o n ly  th e  1 .4 4  Mev - r a y
f o l l o w i n g  e l e c t r o n  c a p t u r e  I n d i c a t e s  t h a t  3‘^ - e m i s s l o n  t o  th e  
f i r s t  e x c i t e  1 s t a t e  o f  i s  e n e r g e t i c a l l y  i r m o s s i b l e .
Decay to  th e  g round  s t a t e  i s  o b v i o u s l y  h i g h l y  f o r b i d d e n  becau se  
o f  th e  l a r g e  s ^ l n  change ( ^ 1- 5 ) in v o lv e d .  The i n a b i l i t y  t o  
d e t e c t  a n n i h i l a t i o n  q uan ta  e x p e r i m e n t a l ’?y i s  t h u s  e a s i l y  unde r ­
s to o d .  S i m i l a r l y  decay t o  t h e  g round s t a t e  o f  (a 1^5)
w i th  t h e  e m i s s i o n  o f  a 1 .0  Mevj3 - r a y  i s  f o r b i d d e n  r e l a t i v e  t o  the
e x c i t e d  s t a t e .  The absence  o f  a 1 .0  Mev & - r a y  ( a t  a
c o n s e r v â t iv  - e s t i m a t e  i t s  i n t e n s i t y  c an no t  b e >  55' o f  t h e  0 .2  Mev 
3 - r a y )  i s  t h u s  no t  unexnec t  d.
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Follo^^lng t h e  3 -d e c a y  o f  L ange r  e t  a l  and
( 12)T h u l ln  hrvG d e t e c t e d  a 1 .4 4  y - r a y ,  -d I c h  on t h e  b a s i s
o f  t h e  s y s t e n a t l c s  o f  S c h r r f f - G o l I h k b e r  was c o n s i d e r e d  t o
•I *7 Q
be a t r a n s i t i o n  ^ ron th e  f i r s t  e x c i t e d  s t a t e  o f  Ba t o  t h e  
g round s t a t e .  The t) r e  s e n t  i n v e s t i g a t i o n  sup l i e s  in d e p e n d e n t  
c o n f i r m a t i o n  o f  t h i s  v iew. A 0 .8 0  Mev y - r a y  was o b s e rv e d  by 
h an d ley  and Olson  ^ fo l lo w  ir&g 3^  de cay o f   ^" ^ f r  t o  ^^^Oe. 
Thus t h e  decay sc heme p ro p o sed  i s  i n  com p le te  ag reem en t  w i th  
th e  most  r e c e n t  e r im en t  a 1 d a t a .
3 .2  A Sea rch  f o r  M a tu ra l  H a i l o a o t l Y l t y  In  Vanadium ( P a r e r  l ) .
A s e a r c h  f o r  j^ - r a y s  was c a r r i e d  o u t  u s i n g  th e  ' • 'ro '^o r t io n a l  
c o u n t e r  s i t u a t e d  In  th e  u nd e rg rou n d  s i t e  d e s c r i b e d  i n  ) . l .
The so u rc e  o f  vanad ium p e n t o x l  le a s  o f  a v e ra g e  t l  I c k n e s s  10
pe r r .  For  the  backg round  a s i m i l a r  so u rc e  o f  chromium oxide 
Wîis u sed .  The d i f f e r e n c e  be tw een  so urce -eb ack gm in d  and 
b ack g ro u n d  c o u n t in g  r a t e s  o v e r  a r e r i o l  c f  o hourc was-h 1131:137• 
Assuming a d e t e c t a b l e  l i m i t  o f  t l i r l c o  th e  s t a t i s t i c s  end  an 
i s o t o p i c  ebundancs o f  0.25Ji^ ( 15) t a k i n g  i n t o  a c c o u n t p  - r a y
a b s o r p t i o n  i n  th e  t  i c k  s o u rc e ,  uhe h a l f - l i v e  foi* e m i s s i o n  o f  
( i - r a y s  o f  ene rgy  > 50 Kev must be  > 2 .4  x 10^4 y e a r s .  I n  case
th e  3 - r a y s  were e m i t t e d  p r e  dom inan t ly  w i t h  v e ry  low en e rg y  as  i n\
I 37Kb spec t rum , t h e  menouremcn ts were e x te n d e d  so t h a t  p u l s e s  
o f  e n e r g y > 1 . 5  Kev c o u ld  be d e t e c t e d ,  h o t  no a c t i v i t y  was 








The y -ray spectrum of Each cross denotes the average excess counting
rate over a group of ten channels centred about its position.
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oU s ing  t h e  10 rng/crri*^ ' so u rce  th e  K x - r a y  r e g i o n  was c l o s e l y  
exe.rlined, tlie iiffei*<'3nce be tw een  t h e  s o u rc e + b e c k g ro u n l  and 
"background c o u n t in g  r a t e s  o v e r  8 h o u rs  b e in g - f -45- 4 7 » Assuming 
th e  same d e t e c t a b l e  l i m i t ,  t h e n ,  a l l o w in g  f o r  a b s o r p t i o n  In  t h e  
s o u rc e  o f  th e  x - r a y s  .'d:ich would be r»roduced I n  o n ly  25^» o f  t h e  
t r a n s i t i o n s ,  t h e  K -c a n tu re  ha I f - l i f e  mus t  b e > 4  ^ 10^^ y e a r s .
A search  fo r  zf-rr^ys undertaken w ith  th e  s c i n t i l l a t i o n  
sp ectrom eter  s ld e ld e d  ' y 4 Inch le a d  l in e d  w ith  4 in ch  s t e e l .
The 2 In c h  î îa l  c r y s t a l  was su r ro u n d e d  by 110 g o f  vanad ium 
p e n t  o x id e  and by the  same mass o f  chromium e x i l e  f o r  t h e  back­
g round  ru n ,  The s o o rc e + b a c k g ro u n 1 a n I  b ack g ro u n d  c o u n t i n g  r a t e s  
above an  ene rgy  o f  200 Kav - e r e  c o n s i s t e n t  o v e r  s e v e r a l  p e r i o d s  
a d d in g  UP t o  10 h o u r s  th e  t o t a l s  b e in g  2 8 5 03 -I69  and 2 /6 4 4 -1 6 6  
r e s p e c t i v e l y ,  an  e^ 'cees  o f  879^237* U lnco t h i s  x c e s s  c o u n t in g  
r a t e  was on ly  yjo o f  t h e  t o t a l  baclQ^rouiid, t h e  s t a t i s t i c s  were 
v e r y  p o o r  a s  can  be  seen  from t h e  f i g u r e ,  T lie r e  I s  no 
a p p r e c i a b l e  neak  n e a r  1 ,98  I^ev b u t  I t  seems s i g n i f i c a n t  t h a t  t h e  
spec t rum  i r o n s  shar^-ly  n e a r  1 .3 3  hn? e n e rg y  a t  wl.iich th e
Ocmpton edge '*’o u ld  be e x p e c t e d .  A lso  th e  r e s u l t  o b t a i n e d  1 Tom 
a v e r a g i n g  t h e  e x c e s s  c o u n t in g  r a t e  In  e a c h  g roup o f  t e n  c h a n n e l s  
( F i g ,  5) s u g g e s t s  t h a t  th e  c o u n t s  b e l o ^  1 .3 3  a r e  sp r e a d  
e v e n ly  o v e r  t h e  spec t rum , as  would be e x p e c t e d  f o r  a Oomnton 
d i s t r i b u t i o n .  F a i l u r e  t o  d e t e c t  p - a c t i v i t y  e l i m i n a t e s  t h e  
p o s s i b i l i t y  o f  f5 -c o n t a m in a t i o n .  The o c - a c t l v i t y  b o t h  th e  
vanad ium '^en tox ide  and chromium o ^lde was found t o  be o n ly  
2 c . P . m . , th e  minimum l e v e l  o f  Im p u r i ty  we have ■'^ound t o  T o /
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/b e  a t t a in a b le .  Although t n s t e  have been  c a r r ie d  out on the  
o x id e s  o f  s i x  d i f f e r e n t  e lem en ts  v hlch  gave t h i s  < - r a t e  o f  
2 c . P . m , ,  no T T -actIv lty  I .r e  been found to  be as ^oclate 1 w ith  
the o C -a c t lv ity .  By su rrou n '1 ng bhe cryct& l 1th  a s im i la r  
rriasB o f  potassium  bicarbon*- e in  the sfirae geom etry, the  
T - a c t l v l t y  was e s t im a ted  to  corr  : r* oruî to  sn e l e c t r o n  capture  
h c l f - l l f e  fo r  o f  ( 4 . 0+1 . l )  x 10^-4 y^av a .
Comparison o f  t i l l s  h a l f -1 1  e 1t h  t h e  low e r  l i m i t
a t t a i n a b l e  I n  t h e  p r o '^ o r t i o n a l  c o u n t e r  s e a r c h  f o r  K x - r a y s
shows the I m p o s s ib i l i t y  o f  . e l e c t i n g  th e se  :i-rays u s in g  a
t i i i c k  source  o f  a n e n r ic h e d  m a t e r i  al. I t  l e  e s t i m a t e d  t h a t
i f  th y  s e a r c h  f o r  x - r a y s  w rs  c a r r i e d  o u t  u s i n g  a minimum
50o f  250 mg o f  vanad ium p e n t  o x id e ,  ^0  t im e s  e n r ic l i e d  I n  V, 
t h e n  a s i g n i f i c a n t  c o u n t in g  r a t e  shou ld  be o b t a i n e d ,
3 .3  The Of y - 60 . (PBTîer 2 ) .
S ince  t h e  c o m p l e t io n  o f  th e  p r e c c e l i n g  work on V~5^ t  th e  
f i r s t  e x c i t e d  s t a t e  o f  J r - 5^ has  b ee n  d i s c o v e r e d  t o  be a t  
780 Xev, h ' l th  t î ie  method d e s c r i b e  I h e r e ,  I t  i s  e s t i m a t e d  
t h a t  a f a c t o r  o' ’^ %t l e a s t  100 in r rovoraen t  I n  s e n s i t i v i t y  i s  
a t t a i n e d  and t h a t  any g am :. .a -ac t iv i ty  from V-RO v i t h  a h a l f -  
1 1 'e <  2 T . 10^^ y a r s  sh o a l  I 0 d e t e c t a b l e ,
1. In en te l .
The d e t e c t o r  o f  th e  gara a - r a ; /  o p e o t ro m e te r  i s  a harshaw 
c y l i n d r i c a l  sodium iodide^, c r y s t a l  O’’ i n  11 .m c te r  m d  6^ * h ig h  
moun ted i n  a 700 rngro/crn'  ^ e l e c b r o ly ^ t l c  co I 'c r  can * rid v iewed by 
f o u r  S ,M , I ,  ty pe  953TB P h o t o m u l t i p l i e r  t u b e s .
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^^hen tl'.e d e te c to r  was co m p le te ly  sur rounded by 12 Inches  
o f  m ild  s t e e l  in s id e  th e  w ster  stLielded brcltground  
a t  A ld ern aston , th e  background betw een 660 KeV ■ nd 2 .0 0  MeV 
v-as 7 2 0  c."^.'% The I n i t i a l  r e e o lu t lo n  o b ta in ed  r»ith the  
660 KeV genma-r^iys from Cs—137 o f  th e  order o f  10, , in  good 
agreement w ith  th a t  normally ex p ec ted  f o r  l«=^ rge c r y s t a l s .
By th e  e n l  o f  t h e  r im e n t  t h i s  r e s o l u t i o n  h d d e t e r i o r a t e d
t o  12f  ^ PS th e  o u tp u t  o f  th e  'P ho to tubes  w e re  no l o n g e r  p r e c i s e l y  
n o t c h e d .
As w i l l  be 60'-'’n from t h e  s p o c t r n ,  v e ry  good g a i n  s t a b i l i t y  
was a t t a i n e d  ’^ i t h  th ^  c r y s t a l  s in c e  t h e  l a r g e  volume o f  w a t e r  
s h i e l d i n g  h e i r s  t o  ma n t a i n  a c o n s t a n t  t e m p e r a tu r e  i n s i d e  t h e  
low backg round  c e l l .  An ene rgy  d r i f t  o f  o n ly  o c c u r r e d  i n  
300 h o u r s  c o n t in u o u s  ru n n in g .
The m agn i tude o f  t h e  I . 4 6  A?eV P h o to p eek  from K-40 shows 
t h a t  p o t a s s iu m  h«s be^n  a lm o s t  coTTr^letely removed from th e  
c r y s t a l  and t h e  s u r r o u n l i n g  m a t e r i a l s .
49^3 grams o f  8P“ c t ro g r ' ' " '^ h ic n l ly  ^ u r e  vcnad ium m e ta l
n o d u le s  were packed i n t o  0 t h i n  p e r rm ex  c o n t a i n e r  î e s ig n e d  to
f i t  o v e r  th e  c r y s t a l  t o  e n s u re  r e p r o d u c i b l e  source  geom e t ry
2^ n i  u n i fo rm  t h i c k n e s s  o v e r  t h e  IROO cm a v a i l a b l e  s u r f a c e  a r e a .  
The spec t rum  i n  t h e  range  45^ KeV t o  2 MeV ^ a s  r e c o r d e d  i n  
a 100 chann e l  k i c k s o r t e r  i n  two s e p c r a t e  r u n s ,  each  o f  64 ho urs  
d u r a t i o n .
Tv;o 16 hour  backg round  s r e c t r a  w i th  t h a  empty p e r s p e x  
c o n t a i n e r  i n . p o s i t o n  were r e c o r d e d  o v e r  t h e  same ene rgy  ran g e .
.o»
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A e In r g e  amoun s of' Koarce m a t e r i a l  n u s t  i n t r o d u c e  Borne 
a d d i t i o n a l  d eg ree  o f  s h i e l d i n g  and s c a t t e r i n g  e f f e c t s  t o  t h e  
no rmal back g ro u nd ,  a no re  r e a l i s t i c  s-^ectrum f o r  corrroorison 
w i t h  th e  so urce  i s  ob t  Ined  by u s i n g  an i n a c t i v e  m a t e r i a l  a s  
a • b l a n k * .  T h is  must n e c e s s a r i l y  have a mass a b s o r p t i o n  
c o e f f i c i e n t  f o r  gam; l a - r a y s  s i m i l s r  t o  t h a t  o f  t h e  s o u r c e ,  occupy 
t h e  same geome try  and have a h ig h  d eg ree  o f  ^ u r i t y .  Ooneer 
f i l i n g s  p r e p a r e d  from e l e c t r o l y t i c  c c p e r  ;7o u ld  b e  an  i d e a l  
m a t e r i a l  i n  t h i s  c a s e  b u t  cop*ner o^ lde  w a s  used  s b  t  i s  was 
more r e a d i l y  a v a i l a b l e .  Cîonsenuen t ly grams o f
m e t a l l u r g i c a l  a n a l y t i c a l  r e a g e n t  g rade CuO '^»as -^ laced i n  th e  
p e r s p e x  c o n t a i n  r  and t h e  •b a c k g ro u n d • r e c o r d e d  i n  two s e p a r a t e  
64 hour ru n s .  These were a l t e r n a t e d  ’' 1t h  t h e  vanad ium ru n s .
R e ,su l ts  and. D i s s u a s i o n .Jo m p a r lso n  o f  t h e  JuO and t h e  normal b ack g ro un d  s p e c t r a .
F ig .  6 shows iiJie n o m a l  backg round  spec t rum  o b t a i n e d  w i t h  
*che empty p ^rs}x; x c o n t a i n e r  I n  ^^os i t ion .  As e :{pe r ience  1 by 
o t h e r  low-b&6kg round  l a b o r a t o r i e s   ^ w i t h  s u f f i c i e n t l y  
s e n s i t i v e  equ ip m en t ,  low i n t e n s i t y  gamma-peake su pe r im posed  on 
th e  b a c k g ro u n  con t inuum  a r e  ap^^aren t .  These a r e  p ro d u c e d  by 
th e  n a t u r a l  uran ium and th o r iu m  s e r i e s  w. i c h  o c c u r  to  some 
e x t e n t  i n  a l l  common s h i e l d i n g  m a t e r i a l s .  The 1 . 1 /  and 1 .33  
keV garai.ia-reys a r i s e  from Go-bO on th e  s t e e l  b r i c k s  i n  th e  
s h i e l d .  h i  nee t  i s  c o n t a m i n a t i o n  i s  u n l fo r iu ly  d i s t r i b u t e d  
ov er  a l l  th e  b r i c k s  i t  i s  assumed t h a t  i t  must  have o r i g i n a t e d  





C u O  BACKGROUND SUBTRACTED
r , & .  n
—£ ç -
/ t h o  o v ü rn ll  r é d u c t io n  ob ta in ed  In the backf^rounu. r;ore than  
oonmonGQtem f o r  th e  llaadvnntarce causer!, by th e  riresence o f  
the n i nute amount (10  gn. or one in  10^^ p a rta  o f  s t e e l  
s h ie ld in g )  o f  O0-60.
'^^hen th e  sn ec t r am  o b t a i n e d  w i t h  t h e  c o o - o r  oT lde  i s  
s u b t r a c t e d  from t h e  normal b ack g ro un d  ( j )  t h e  gamma-ray 
p e a k s  s t a n d  nut  -^rom lnon t ly  and t h e  b ad c g ro an d  con t inuum  i s  
a lm o s t  e x a c t l y  com nensa ted. T h i s  i s  t o  b a e x p e c t e d  f o r  th e  
cosm ic  r a d i a t i o n  form s  th e  c o n t I  nuum vnd  lo o  U s e d  c o n t a m i n a t i o n  
by n a t u r a l  r a d i o a c t i v i t y  o r o d u c e s  n ea k s  i n  t h e  f m e c t r u m . . When 
an a d d i t l o n f d  a b s o r b e r ,  such ns t h e  coo ’^ e r  o ^ i d e ,  i s  n l e c e d  
round  t h e  d e t e c t o r ,  th e  beckrr '^vmd c a u s e d  t h e  cosm ic  
r a d i a t i o n  I s  r e l a t i v e l y  u n a f f e c t e d  a s  I t  I s  "produced l a r g e l y  by 
h igh  energi^ p e n e t r a t i n g  ' ^ ^ r t l c l e s  and s l io^ 'ers c r e a t e d  i n  th e  
s h i e l d i n g  by t h e  I n t e r a c t i o n  o f  f a s t  p s r t l c l e s .  However, l o c a l  
gemmm-rays a r e  s u b j e c t e d  t o  t h e  normal a t t e n a n t I o n  and a r e  
c o n s i d e r a b l y  r e d u c e d  In  i n t e n s i t y .  Hence, on s u b t r a c t i o n  o f  
th e  s p e c t r a ,  d e f i n i t e  ^ e ak s  a r e  c r e a t e d ,  due t o  t h e  mass 
a b s o r p t i o n  d i f f e r e n c e s .  - A l t e r n a t i v e l y ,  a s  I c  u s u a l ,  had the 
no rmal backg round  b e e n  s u b t r a c t e d  ^rora t h e  c o r ^ ^ r  o x id e  **source",  
n e g a t i v e  -»^aks would be found c o r r e e p o n d ln g  t o  a c t i v i t y  i n  th e  
surround lno rs .  Hence I f  e s e a r c h  war b e i n g  made f o r  a gam ia-  
a c t l v l t y  from a so u rc e  c o r r  spond lng  I n  e n e rg y  t o  any o f  t  he 
backg round  p e e ^ s ,  a l o n g e r  h a l f - l i f e  t h a n  th e  t r u e  v a lu e  would 
be o b t a i n e d .  These e f ^ 'c c t s  a r e  u s u a l l y  n c g l i g i b l s  b u t  become
im p o r t a n t  i n  v e ry  low s n e c l f l c  a c t i v i t y  m easurem en ts .  I n  th e
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/ t h e  p r e c e n t  c a s e ,  th e  c o n t r i b u t i o n  i s  2^ .^ o f  b ac k g ro u n d  w îdch  
wo l id  In v o lv e  a b o u t  a 50?^  c o r r e c t i o n  t o  t h e  e x p e c t e d  so u rce  
a c t i v i t y .  The me thod a l s o  p r o v i d e s  a u s e f u l  t e c h n i q u e  f o r  
d e t e r m i n i n g  w h e th e r  o r  no t  gamr a - a c t i v i t y  a r i s e s  i n  t h e  c r y s t a l  
o r  i n  t h e  s h i e l d i n g .
The e f f e c t  o f  s c a t t e r i n g  o f  t h e  b a c k g r o u n ï gemMa a c t i v i t y  
by t h e  so u rce  m a t e r i a l  must  be  c o n s i d e r e d  i n  i n t e r p r e t a t i o n  o f  
th e  t o t a l  co un t  r a t e s  •^roni th e  s o u rc e .  ^^Ig. 8 shows t h e  
s r e c t r u m  sha*ne Tor an  e x t e r n a l  I0 -6 0  so u rc e  w i t h ,  and w i t h o u t ,  
t h e  a b s o r b i n g  m a t e r i a l  -n laced round t h e  c r y s t a l .  The low 
en e rg y  c o n t r i b u t i o n  i n c r e a s e s  * i t h  the  a b s o r b e r  "^ resen t  g i v i n g  
n sur-^ lus  coun t  r a t e  r h n l he norr'iol snec t rum  i s  s u b t r a c t e d .
To c o r r e c t  f o r  th e  above e f f e c t s  i^hen a v e r y  low s p e c i f i c  
a c t i v i t y  source  i s  b e i n g  exam ined , a b l a n k  m a t e r i a l  w i t h  an 
id e n t i c a l  mass a b r o m t i o n  c o e f f i c i e n t  t o  t h e  s o u rc e  mus t  be u s e d .  
I f  he backg round  i s  overcorirnensa tod by t h e  b l a n k ,  s n u r i o u s  
p e a k s  w i l l  be p ro d u c ed  and, i f  undercompensa ' od, u n i e  r e  s t i rna t i e r  
o f  t h e  s o u rc e  co u n to  may r e s u l t .  I n  n r a c t i c e  i t  i s  d i f f i c u l t  
t o  e x a c t l y  match t h e  b l a n k  t o  t h e  source  a s  th e  m a t e r i a l s  
a v a i l a b l e  a r e  u s u a l l y  o f  d i f f e r e n t  ch em ica l  form b u t  th e  
d i f f e r e n c e  i n  th e  a v e ra g e  a b s o r p t i o n  can  be  found e x p e r i m e n t a l l y  
by u s i n g  an e x t e r n a l  source  o f  gamr:a-ray8 w i t h  an e n e rg y  c l o s e  
t o  t h a t  o f  i n t e r e s t  and n o r m a l i s i n g  any gawma-rays o c c u r r i n g  
i n  th e  s p e c t r a  on t h i s  b a s i s .  In  th e  p r e s e n t  e x p e r im e n t  th e  
Co-60 p ea k s  were u se d  f o r  t l  i s  -^urpose.
VANADIUM S P E C  TAUM WITH C « 0  BACRC f lOUNO SUB TRACTED
CHANNEL NUMBER
F I G U R E  4
Fifr. 4 .
i
Vnnalian S m ctr ir i .
S e v e r a l  p ea k s  ( Flp;. T e r e  o b se rv e d  In  th e  vanad ium
m e ta l  so u rce  a f t e r  s u b t r a c t i o n  o f  t h e  ’b lank*  back g ro u n d
o b t a i n e d  T i t h  th e  c o r n e r  o x i l e .  The e n e r g i e s  o f  t h e  gamma-
ro y s  a r e  c o n s i s t e n t  r l t h  t h o s e  expe c t o d  f r o n  th e  n a t u r a l
urnniuir. ( P a - 2}4 , B i - 214) and th o r iu m  (Ac-2 2 8 , 71- 2 08 ) s e r i o s
I n  a d d i t i o n  t o  po taR eium -4 0 . These i n r u r t i e s  a r e  fo un d  i n
( 18 )n o s t  m a t e r i a l s  * . A c t i v i t y  from q sa rm le  o f  vanad ium 
p e n t  o x id e  exam ined was f i v e  t im e s  g r e a t e r  t h a n  t h a t  i n  t h e  
s r e c - 'u r e  sarin le o f  vanad ium m e t a l .
The Tiro Be nee o f  t h e  G0-60 p ea k s  n ro v e d  t h a t  t h e  c o p r e r  
ox id e  i s  ov e rco m n en se t in g  th e  b ack g rou n d  cnneeq .uen t ly  a 
c o r r e c t i o n  f a c t o r  must be a n r l i e d .  T h i s  l o t t f ; r  f a c t o r  was 
o b t a i n e d  by co m p a r iso n  v i t h  t h e  i n t e n s i t y  o f  t h e  O0-60 oenk 
r e m a in in g  a f t e r  s u b t r a c t i o n  o f  t h e  c o r n e r  backg round  from t h e  
n a t u r a l  backg ro un d .  A l io  in g  ^ o r  th e  e n e rg y  d e n e u ie u c e  o f  t h e  
a b s o r p t i o n  c o e f f i c i e n t  n e r m l t t e d  c o r r e c t i o n  o f  th e  r e m a in in g  
p e a k s  f o r  t M s  backg round  c o n t r i b u t i o n .  In  th e  f o r e g o i n g  
d i s c u s s i o n  i t  was assumed t h a t  t h e  ’b lank*  m a t e r i a l  i s  v e r y  
pur^-i w h ich  seemed l i k e l y  a s  no n e g a t i v e  p ea k s  we re  o b se rv e d .
A f t e r  t h i s  c o r r e c t , i o n .  s u r o l u s  c o u n t s  s t i l l  r em a in ed  i n  
th e  m a in n eak s  show ing th e  vanad ium i t s e l f  c o n t a i n e d  th e  
n . i t u r a l l y  r a d i o a c  iv e  i m p u r i t i e s .  A l th ou g h  th e  p e a k s  a r e  
v e ry  p ro m in en t  t h e  t o t a l  amount o f  u ran ium , th o r iu m  and 
no tasa iurr i  i m r u r i t y  a re  r ^ s p e c t i v o l y  l e a s  tha^^ one n a r t  i n  
7 X 10^,  5 X 10^ and 10^ p a r t s  by w e ig h t  o f  th e  vanadiun^ and /
- Ô 8  -
/ a n d  would no t  be c l e a r l y  i d e n t i f i a b l e  i n  r r e v io u Q  equipm en t  
UBod f o r  t h i s  ty p e  o f  s tu d y .  T h i s  amount o f  c o n t a m in a t i o n  i s  
a t  l e a s t  an o r d e r  o f  m agn i tude be low th e  maximum q u o ted  by t h e  
m a n u f a c t u r e r s  o f  th e  s n e c t r o g r a n h i o a l l y  p u re  m a t e r i a l .
U n f o r tu n a t e l y  t h e  K-4C peak  a t  1 .46  MeV o v e r l a p s  t h e  1 ,5 9  
MeV p eak  e x p e c t e d  from vanad ium. I n t e r p r e t a t i o n  i s  f u r t h e r  
c o m p l i c a t e d  a s  th o r iu m  i n  e q u i l i b r i u m  w i t h  i t s  p r o d u c t s  has  a 
I .5 O  MeV gam a - r a y  and a l s o  uran ium  has  an 0 . / 6  MeV gamma-ray 
a lm o s t  c o i n c i d i n g  i n  ene rgy  " ; i th  th e  f i r s t  e x c i t e d  s t a t e  o f  
d r - 5 0 .  îîo^vever, r e a s o n s  t i e  e s t i m a t e s  o f  t h e  c o n t r i b u t i o n  t o  
t h e s e  peak s  from t h e  im p u r i ty  wag male by th e  f o l l o w i n g  
 ^ r o c e d u r e s .
1 .  The p o t a s s iu m  peak was s u b t r a c t e d  on a r e s o l u t i o n  b a s i s  
l e a v i n g  t i c  re m a in in g  c o u n t s  i n  the 1 .5 9  o to p e a k ,
2 . S p e c t r a  o f  nr 1u r a l  u ran ium  m d  th o r iu m  sam p les  i n  
e q u i l i b r i u m  w i t h  t h e i r  c .a u " b tm r •n r o d n e t .s  T»ere r e c o rd e d  u nd e r  
s i m i l a r  c o n d i t i o n s  u sed  f o r  t h e  vanad ium and t h e  i n t e n s i t y  o f  
t h e . 1 . 5 ^ t!eV snd t h e  0 .7 6  MeV gem* a - r a y s  r e l a t i v e  t o  t h e  O.91 
MeV and 1 ,0 0  MeV p e a k s  were deduced .  The c o n t r i b u t i o n  f ro r .  
th e  uran ium  and th o r iu in  t o  t h e  1 .5 9  and 0.7B tleV r e g i o n  were  
s u b t r a c t s  from t h e  spec t rum  o b td n ed  " i th  t h e  vanad ium source  
and any remaining? c o u n t s  a t t r i b u t e d  t o  gairima-rey a c t i v i t y  from 
V-50.
—69 *•
R e s u l t s  f o r  two s e p a r a t e  m e c t m  f o r  V—RO comb ined w i t h  
two d l f f o r e n c t  backg round  r u n s  c o r r e c t e d  In  t h e  f o r e g o i n g  
manner  e r e  q u o ted  i n  Tab le  I ,
TA5LIC I .
l o r r : o t e 1  coun t  a / 6 4  h r s . C o r r e c t e  % c o u n t s /
i n  0 ,7 3 0  MeV peak  bd h r s .In 1 . RP MpV peak V^-GuO(l) 2950 3ÜC4
V ^-0u0 ( 2 ) 3991 3486
Vg-CuO(l) 4906 3402
V^-0u0(2) 4515 2333
mean 4090 ± 4IÜ mean 3221 t  2 /5
The re  i s  s t i l l  a p o s i t i v e  r e s i d u a l  c o u n t  r a t e  i f  t h e  
c o r r e c t i o n s  a r e  e s t i m a t e d  w i t h  a view t o  m in im is in g  t h e  
t a b u l a t e d  r e s u l t s .  I t  i s  c o n s i d e r e d  most u n l i k e l y  t h e r e f o r e  
t h a t  t h e  c o r r e c t i o n s  a p p l i e d  c o u ld  be s u f r l c l e n t l y  i n  e r r o r  
t o  a c c o u n t  f o r  t h e  e x c e s s  number o f  c o u n t s .  T h is  l e a d s  t o  
th e  c o n c l u s i o n  t h a t  V-50 i n  r a d i o a c t i v e  and e m i ts  gam na- ray s  
o f  0 .7 8  MeV and 1 .5 9
4.  C r y s t a l  IC f f lc len cy .
C a l c u l a t i o n  o f  t h e  gam a - d i s i n t e g r a t i o n  r a t e  from t h e  
so u rc e  m a t e r i a l  r e q u i r e s  a know ledge o f  t h e  t ^ e l f - a b s o r p t i o n ,  
t l ie  geom e t ry ,  an  I t h e  c r y s t a l  d e t e c t i o n  e f i i c i e n c y .  These 
comb ined f a c t o r s  we re  m easured e x p e r i m e n t a l l y  by m ix in g  a 
known a l i q u o t  o f  an a b s o l u t e l y  s t a n d a r d i s e d  Gs-137 s o l u t i o n  
w i t h  t h e  coppe r  o x id e  used  f o r  trie backg round  ru n ,  A 
d e t e c t i o n  e f f i c i e n c y  o f  1 1 . 77^  was d e r iv e d  f o r  t h e  661 KeV/
-70 -
/ 66 l  KeV p h o top eak .  A e n e rg y  c a l i b r a t i o n  a t  1*45 MeV
was me a s u m  d u s i n g  -^o tass ium c h l o r i d e .  The t o t a l  ’iB ln teg ra tJo n  
r a t e  from th e  po tasG lum ccu rce  was c a l c u l a t e d  from t h e  d a t a  
g iv e n  i n  S t r o m in g e r ’ s Tab le  o f  I s o t o p e s  ( ^ 9 )^ From t h e  
number o f  c o u n ts  i n  th e  K-40 p h o to n e e k ,  th e  d e t e c t i o n  
e f f i c i e n c y  was c a l c u l a t e d  t o  be 5 -5^ .  The o v e r a l l  
e f f i c i e n c y  f o r  t h e  O.78 and 1 .7 9  gamma-rays was deduced 
from t h e s e  two c a l i b r a t i o n s  and th e  a b s o r p t i o n  c o e f f i c i e n t s  
t o  be 9 .97  end 4.1)^ r e s p e c t i v e l y .
5 . h a l f - L i f c .
U s ing 0 . 255- f o r  t h e  abundance o f  V-5C i n  n a t u r a l  vanad ium, 
t h e  r e s u l t s  o f  T ab le  I  y i e l d  a h a l f - l i f e  o f  9 *^ - 1 .6  x 10^^ 
y *are f o r  e l e c t r o n  c a p t u r e  decay to  th e  1 .55  l e v e l  o f
16T i -5 0  and 1 .8  t  0 , 4  X 10 y e a r s  f o r  t h e  b e t a  t r a n s i t i o n  t o  
t h e  C.7O tIeV l e v e l  in  Or-RO.
I f  no c o r r e c t i o n s  I cd be  n a p p l i e d  t o  t h e s e  p h o to p e a k s ,
IR 15lo w e r  l i m i t s  o f  1 .7  x 10 - and I . 4  x 10 y e a r s  r e s p e c t i v e l y  
would have b ee n  o b t a i n e d .  iilach o f  t h e s e  l i m i t s  i s  o f  t h e
o r d e r  o f  t h e  r é s u l t e  quoted f o r  ; o e t  p r e v i o u s  e x p e r im e n ts  and 
i t  i s  p r o b a b l e  t h a t  e a r l i e r  a c t i v i t y  a t t r i b u t e d  t o  vanadiui.i 
i s  i n  f a c t  cau sed  by c e n t a m i n o t i o n  w i t h  n o t u r a l  a c t i v i t y .
6 .  C o n c l u s i e n s .
^^ 1 though  th e  so u rc e  was T ^ e c t ro g ra ""h ic f i l ly  p u r e ,  na tui*al 
u ran iu m , th o r iu m  end ""o tacs ium were p r e s e n t  i n  s u f f i c i e n t l y  
l a r g e  amoun tc t o  be s e r i o u s .  He 1 th e  vanad ium b e e n  a b s o l u t e l y
17 ,p u re  a h a l f - l i f e  a s  lo n g  ae  2 x 10 y<?ers would have b e e n /
- 7 1 -
/ b e e n  d e t e c t a b l e .  As I t  I s ,  a f t e r  a l l o w in g  f o r  a l l  t h e  
c o r r e c t i o n s ,  a d e f i n i t e  s u r p l u s  number o f  c o u n t s  rem a in  w h ich  
can rr tanonab ly  be a t t r i b u t e d  t o  t h e  r a d i o a c t i v i t y  o f  vanad ium. 
These r e s u l t s  y i e l d  a h a l f - l i f e  f o r  th e  e l e c t r o n  c a p t u r e
IRt r a n s i t i o n  t o  t h e  1 ,^ 9  MeV l e v e l  o f  Ti-RO o f  9 .6  1 .6  x 10
l 6y e a r s  a n i  a : a l  r - l i f r )  o f  1 .?  Î* 0 . 4  x 10 y mr;. ^ o r  b e t a  decay 
t o  t h e  730 KeV l e v e l  o f  Or-5 0 .
When tlrAse m easured h a l ' ^ - l i v o s  a r e  comb ined w i th  t h e  
a v a i l a b l e  decay ener?%y d e t e rm in e d  by Jo h n so n ,  l o g  f t  v a l u e s  o f  
2 2 .5  - 0 .5  and 2 ; . 1  -  O.R a re  d e r iv e d  f o r  t h e  r e s p e c t i v e  
e l e c t r o n - c a p t u r e  and b e t a  t r a n s i t i o n s .  T h i s  i s  c o n s i s t e n t  
w i th  th e  f o u r t h  f o r b i d d e n n e s s  i n f e r r e d  from th e  m easured  g round 
s t a t e  e n in  o f  6 f o r  V-ÇC and 2 + f o r  t h e  f i r s t  e x c i t e d  s t a t e  o f  
T i -5 0  and 3r - 50 . Uince T i-gO l a  on t h e  c l o s e d  n e u t r o n  s h e l l  
N = 28, th e  s h e l l  model can  be  eromcted t o  be  v a l i d  and t h e  
t r a n s i t i o n s  a r e  u n l i k e l y  t o  be h in d e r e d  by n u c l e a r  d e f o r m a t io n  
e f f e c t s .  These 0 m e r im e n t a l l y  m easured h a l f - l i v e s  a r e  t h e r e ­
f o r e  i n  good ag reem en t  w i t h  the t h e o r e t i c a l l y  p r e d i c t e d  v a l u e s .
I n  th e  measuremen t  o f  v e r y  low s p e c i f i c  a c t i v i t i e s  
c a r e f u l  measuremen t  mus t be  made o f  th e  backg round  a s  
s u b t r a c t i o n  o f  t h e  normal backfTround w i th o u t  a ’b l a n k ’ so u rce  
o v e r c o r p e n s â t e s  and can  l e a d  t o  a r t i f i c i a l l y  lo n g  h a l f - l l v e e .  
A l t e r n a t i v e l y  I f  t h e  ’b len l c ’ m a t e r i a l  has a mass a b s o r p t i o n  
g r e a t e r  t h a n  t h a t  o f  th e  s o u rc e ,  u n r e e l  p ea k s  ( s e e  F ig .  2 ) 
c m  be  p roduced .  The l a t t e r  e f f e c t  can  be av o id ed  by u s i n ^
/ u s l n g  «n e x t e r n a l  ganvia so u rc e  a s  a m o n i to r  and n o r m a l i s i n g  
the  back g ro un d  t o  t h e  source  spec t rum .
C o n t a m in a t io n  o f  th e  s o u rc e  by t h e  na ture?! r a d i o a c t i v e  
s e r i e s  can  b e s t  be c l iecked by s e a r c h i n g  f o r  a l n l i a - a c t i v i t y  
a s  d e s c r i b e d  e a r l i e r .  As t h e  gamma s p e c t r a  from t h e s e  s e r i e s  
c o v e r s  a w ide range  o f  e n e r g i e s  i t  i s  n e c e s s a r y  to  a c c o u n t  f o r  
th e  d e g r e e  o f  i t s  occuri^ance and e f f e c t  i n  t h e  i n v e s t i g a t i o n s  
o f  low s p e c i f i c  g a m m a - a c t l v i t l e s .
3 . 4  A Bea rch f o r  B l a c t r o n  O a^ tu re  I n  Lu-176^
T h i s  e x p e r im e n t  was u n d e r t a k e n  t o  s e a r c h  f o r  w - r a y s  o r  
c o n v e r s i o n  e l e c t r o n s  wh ich c o u ld  be  a t t r i b u t e d  t o  t h e  e x p e c t e d  
e le  c t r o n  c a p t u r e  b r a n c h .
Bo th th e  s c i n t i l l a t i o n  and p r o p o r t i o n a l  c o u n t e r s  d e s c r i b e d  
i n  s e c t i o n  3*1 were  l o c a t e d  i n  t h e  un d e rg ro u nd  l a b o r a t o r y  a t  
Glasgow. The y - r a y  spec t rum  from 5OO mgm. o f  l u t e c iu m  
ox id e  p l a c e d  on to n  o f  t h e  2 i n c h  Nal c r y s t a l  i s  shown i n  th e  
f i g u r e . The so u rc e  c o u n t in g  r a t e  was /OO cmp compared w i t h  
th e  backg round  o f  80 cmn. The e n e r g i e s  o f  t h e ^ - r s y s  we re  
a c c u r a t e l y  d e t e rm in e d  t o  be 206^5 and 3^^ -7  I n  good a g r e e ­
ment w i t h  t h e  v a l u e s  o f  203 and 3^6 Kav found  by Arnold^^*^^.
The p eak  a t  523-10  Kev was due t o  s im u l ta n e o u s  d e t e c t i o n  o f  
t h e s e  two y - r a y s  by t h e  c r y s t a l .  S i m i l a r l y  t h a t  a t  386 Kev 
c o r re s p o n d e d  t o  a d d i t i o n  o f  t h e  3 I I  Kev y - r a y  and a 55 Kev x - r a y .
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The a d d i t i o n  peak  f o r  the 206 Xev 3^ - ray  and an  x - r a y  would 
o cc u r  i n  t h e  v a l l e y  be tw een t h e  t  o "y-ray peaks and was 
o b scu re d  i n  t h e  p r e s e n t  s '^ec truia. The I n c o m p l e t e ly  r e s o l v e d  
pea?T c l o s e  t o  th e  K x - r a y  peak  was due bo 89 I^v  X - r a y s  wiiich 
were  n o t  i n t e r n a l l y  c o n v e r t e d .  There was, tl ie r e f  o r e ,  no 
I n d i c a t i o n  o f  any peak  no t  a t t r i b u t a b l e  t o  th e  kno. n i r  
- r a d i a t i o n ,
o120 mg o f  was s p r e a d  o v e r  an  a r e a  o f  800 cm' o f  tine
■oroT^ortional c o u n t e r  l i n i n g  g i v i n g  a u n i fo rm  so urce  o f  t h i c k -
pn e s r  O.19 mg/cm'.  The a n t i c o i n c i d e n c e  CJelger r i n g  was no t  
r e q u i r e d .  The p u l s e s  wore f e d  a lo n g  a 4^0 f e a t  c a b l e  t o  t h e  
I l u t c h i n s o n - 3c a r r o t t  k i c k s o r t e r .  There was no i n d i c a t i o n  o f  
any e lf  c t r o n  p e a k s  o t h e r  t h a n  t h o s e  known t o  be due t o  i n t e r n a l  
co n v i - r s io n  o f  t h e  89 Xev X - r a y .
Tlie h a l f - l i f e  was e s t i m a t e d  f r o n  t h e  o b se rv e d  x - r a y  
spc c t rum . Allowance was made f o r  tlie Ooninton d i s t r i b u t i o n  
duo t o  t h e  206 i ^ v  X - r a y  ( F ig .  10) .  Then t h e  r e n a i n d c r  o f  th e  
c o u n t s  i n  th e  sp ec t ru m  r e p r e s e n t  t h e  t o t a l  number o f  )1 1  Xev 
X -rf iye  d e t e c t e d  by th e  c r y s t a l  e i t h e r  a l o n e  o r  i n  c o in c id e n c e  
w i t h  a 20É Kev X - r a y  o r  an x - r a y .  A s o u rc e  o f  ^ o ta s s i u m  
c h l o r i d e  was p l a c e d  i n  th e  same geom e t ry  and I t s  sp ec t ru m  
t a k e n .  Knowing t h e  s n e c i f i c  z f - a c t i v l t y  o f  n o taes lun i  and 
c a l c u l a t i n g  th e  a v e ra g e  t h i c k n e s s  o f  t h e  c r y s t a l ,  th e  geome t ry  
was deduced u s in g  a v a lu e  o f  th e  mass a b s o m t l o n  c o e f f i c i e n t  
i n  Nal f o r  I . 4 6  Mev X - r a y s ,  i n t e r ' o o l a t e d  from th e  t a b l e s  g i v e n /
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(P l )/ g i v e n  I n  t h e  A rmend lx t o  S leghahn  , Hence, u s i n g  t h e  v a l u e
o f  f o r  ^11  Kev X - r a y s  o b t a i n e d  from th e  same t a b l e s ,  t h e
1
10
h a l f - l i f e  was c a l c u l a t e d  t o  be (2 .1 ± 0 ,2 )  x 10^^ y e a r s .  T h i s
I s  I n  e x c e l l e n t  ag reem en t  w i t h  t h e  v a lu e  o f  ( 2 .1 5 - 0 , 1 0 )  x 10
( 20)y e a r G. found by A rno ld  a l s o  from e x a m in a t i o n  o f  t h e  X - r a y
s n e c t r u n ,  b u t  no t  w i th  t h a t  o f  ( 4 . 6 - 0 , 3 )  x 10^^ y e a r s  o b t a i n e d
( 1)by D ixon e t  a l  from e x a m in a t io n  o f  t h e p - e o e c t r u m .  The 
h n l f - l i f e  was a l s o  c a l c u l a t e d  from our  o b s e rv e d ^  - s n e c t r u m ,  b u t  
an - r a t e  o f  4^ ) c . r . m ,  was obtjink'd from t h e  s o u rc e .  I n  th e  
c o u r s e  o f  i n v e s t i g a t i o n s  on t h e  n a t u r a l  r a d i o é l é m e n t s  w i t h  
Zs80 i t  h- 8 been  found  n e c e s s a r y  t o  chack  t h e  n u r l t y  o f  a l l  
s o u r c e s ,  meaeurerren t  o f  t h e i r  < X -a c t iv i t y ,  w h ich  i s  due t o  
s l i g h t  c o n t a m in a t i o n  by na tur^^l r a d i o é l é m e n t s  o f  t h e  uran ium  
and th o r iu m  s e r i e s ,  b e in g  t h e  most r o n e i t i v e  method. H igh 
, ^ - r a t e s  have o f t e n  b ee n  found t o  be a s s o c i a t e d  w i t h  
c o n t a m i n a t i o n ,  e i t h e r  [3 o r  X ,  and hence t h e  h a l f - l i f e  c a l c u l a t e d  
from t h e  ^^^Lu j3 -sn ec t r am  ( 2 ,8  x 10^^ y e a r s )  can no t  be 
c o n s i d e r e d  s i g n i f i c a n t .
I t  i s  conc lu '^ed t h ^ t  there i s  no e v id e n c e  o f  X - r a y s  o r  
c o n v e r s i o n  e l e c t r o n s  ^ h i c h  co u ld  be a s s o c a i t e d  ^" i th an  e l e c t r o n  
c a n t u r e  b r a n c h  and t h n t  th e  b r a n c h i n g  r a t i o  o f  ( 3 - I ) ; -  n ro n o se d  
by Di'^on e t  r l ^ ^ ^  ml f^ht r a t h e r  be r e g a r d e d  a s  an u r n e r  l i m i t .  
The re  a*^*oears t o  bp n mnrkrd dina.gro^men t  bctn^een t h e  h a l f - l i v e s  
re -s o r te d  from X  and |3 - r a y  meanuromen*-r. U n f o r t u n a t e l y  f o r  
th e  r e a s o n  g iv e n  above, i t  ■'*’on no t  -nos s ib  l e  in  t h e  r r e s e n t  
i n v e s t i g a t i o n  t o  d e t e rm in e  th e  |3 - r a y  h a l f - l i f e .
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4 .1  O d - I n - l l i .
The main o b j e c t  o f  t h i s  e x r e r lm e n t  was t o  examine Cd-1 1 3  
f o r  rOBBib le p l a b i l i t y .
1.
1 .8 9  gm o f  ’ Qpecpure’ 3d 0 ,  o b t a i n e d  fr^m Jo h n so n  M a t they
A Co. L t d . ,  I n  t h e  form o f  a v e ry  f i n e  powder ,  was c a r e f u l l y
2s p r e a d  o v e r  1000 cm o f  the  rem ovab le  comber l i n i n g  o f  a l a r g e  
p r o p o r t i o n a l  c o u n t e r ,  u s in g  a d i l u t e  s o l u t i o n  o f  Amyl A c e t a t e  
and D u ro f lx  a s  an  a d h e s iv e  a g e n t .  The c o u n t e r  was 14*4 -n  
I n  d i a m e te r  and had 3^*1 e f f e c t i v e  c o u n t i n g  l e n g t h  be tw een  
t h e  f i e l d  c o r r e c t i n r r  t u b e s .  A doub le  r i n g  o f  crelger  c o u n t e r s  
o p e r a t e d  i n  a n t i - . c o in c id e n c e  was a r r a n g e d  a^ round t h e  
p r o p o r t i o n a l  c o u n t e r ,  wh ich was s i t u a t e d  i n  t h e  u n d e rg ro u n d  
l a b o r a t o r y .  The a m p l i f i e d  r>ulsesw?re d i s p l a y e d  on an 
o s c i l l o s c o p e  and r e c o r d e d  on f i l m .  ' - i t h  th e  c o u n t e r  a t  a 
p r e s s u r e  o f  40 cm. argon-m e t  bene n l ^ ' t u r e ,  t h e  b ac k g ro u n d  above
1 .2  KeV was I P . 3 c .p .m .  The K X-ra d i e t  io n  o f  9 -^ 5  KeV from 
a Ge-73 source  was u sed  f o r  c a l i b r a t i o n  nur-noses.
I t  has  b e e n  found i n  t h e  p a s t  t t i a t  t h e  T > r e s e n c e  o f  a s t a b l e  
flource m a t e r i a l  on t h e  cop^^er l i n i n g  chan ges  th e  back g ro u n d  
spec t rum  i n  t h e  follow ing* ways:
1 , K and L X - r a d i n t i o n ,  c h a r a c t e r i s t i c  o f  t h e  so u rc e  m a t e r i a l ,  
a r e  e x c i t e d  by t h e  cosm ic r a d i a t i o n  a n d / o r  any p o s s i b l e  
r a  ^ l o a c t l v e  i m p u r i t i e s  i n  t h e  so u rce  o r  c o u n t e r  c o n s t r u c t i o n  
m a t e r i a l s .
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The source  m a t n r l a l  pn nvf m i l .  sh tol.llnfT e f f e c t  c a u s e d  
T'Y s l i g h t  a b s n r r t l o n  n f  th e  ooomlc r a y  b ao k r rou nd  o r  a l ) s o l u t i o n  
o r  any a c t i v e  co n t am in an t  p r e s e n t  on t h e  c o u n t e r  c o n s t r u c t i o n  
m a t e r i a l s .
Those d i f f i c u l t i e s  can  he  overcorae hy  the  u se  o f  v e ry  
n u re  m a t e r l n l s  and hy  u s in g  a s t a t i n  m a t e r i a l  o f  s l m l l r r  
w e ig h t  and n o Ig h h c u r in g  a tom ic  numhor t o  o h t a l n  a t r u e  
h a c k g r o u n l  s r e c t ru m  f o r  con rpar leon. I n  t h i s  o x n e r lm en t  3n0 ^ 
was u se d  f o r  t h e  hackg round .
The coun t  r a t e  r e c o r d e d  o v e r  H h o u rs  " 1 t h  t î ic  Od 0 source  
was 8u?0 ±  1^6 arid w i th  t h e  3n0^ *h lan l : ’ was 8 /31  -  140.
Hence t h e  e x c e s s  coun t  r a t e  due t o  Cd 0 i s  11 ± 2^ c o u n t s  n e r  
h ou r .
Assuming Od-113  I s  1 2 . ? 6 y^ aT u n d e n t ,  t h a t  t h e  s a t u r a t i o n  
h a c h s c a t t e r l n g  from c o r n e r  would I n c r e a s e ,  t h e  o h s e rv e d  coun t  
r a t e  hy 50/^# th e  geome t ry  o f  th^  nyntom 1 r  2 p i  and t h a t  wo 
c o u ld  d i s t i n g u i s h  a c o u n t in g  r a t e  g r e a t e r  th a n  t r i c e  t h e  
s t a n d a r d  d e v l r t l n n  o f  th e  mean conc lude  t h a t  ld -1 1 3  I s  
o t a h l e  tow a rds  h r t a - c l e c a y  w i th  a h a l f - l i f e .
> 1 . 3  % 10**-*^  y e a r s
2 .3  -^l.^casBlon.
' (1 )  (2)Rec m t  work hy Ph i  11 In s  and î 'o rk ln s  and hy B hn tk l  e t  a]
on t h e  decay scheme o f  3n-113 have e s t a h l l s h e d  t h a t  th e  f i r s t  
e x c i t e d  s t a t e  ( a-nin «nd -ncirlty n f  I n -113  i s  393 ahove 
t h e  ^round a t n t e  (a  + ) .  The t r e n e l t l o n  I s  m e t s s t a b l e  w i t h /
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/ r \ t h  n h o l f - l i f e  o f  I . 7  h o u r s .  K:)ml'berg o t  I n  a
s tu d y  o r t h e  df'cay echene o f  A g - l l J  have c l a r i f i  ;d th e
Q x e l t e d  s t a t e c  o f  C d - l l ^ .  The f i r s t  e x c i t e d  s t a t e  ( ^ )  i s
265 KcV ahove t h e  g round s t a t e  (44-),
I t  f o l l o w s  t h a t  I f  ld -1 1 3  ca n  unde rgo b e t a - d e c a y  w i t h
an  e n e rg y  g r e a t e r  t h a n  393 th e n  a f i r s t  f o r b i d d e n
t r a n s i t i o n  ■ o u ld  be p o s s i b l e .  T h is  7/ould imp ly  a l o g  f t .
( 18 )v a lu e*  o f  7 -  T and hence a h a l f  l i f e  I n  th e  r e g i o n  o f
10^^ y e a r s .  As t h i s  i s  w e l l  be low t h e  o b s e r v a b l e  l i m i t  o f  
IS10 y e a r -  t h e r e  can n o t  be s u l f i a i e n t  e n e rg y  to  p e r m i t  a
b e t a - t r a n s i t I o n  t o  th e  f j r s t  e x c i t e d  s t a t e  o f  I n - 1 1 3 .  Thus
i f  b e t a - d e c a y  I s  '■'CGSlble I t  n u s t  be  a f o u r t h  f o r b i d d e n
t r a n s i t i o n  w i t h  lo(? f t .  "^23* ^b r  iC 3^3 t h i s  would
ISi n r l y  a h a l f - l i f e  > 9 - 10 y ea r ;  . The e "">'eriment8l r e  s u i t s
s u p p o r t  t h i s  d e d u c t io n .
n l t e r u - t l v e l y ,  i f  I n - l l y  and e rgo ae  K e l e c t r o n  c a p t u r e ,
a l l o r n n e e  f o r  th e  max i run e r r o r  In  th e  decay  s y s t e m a t i c a
would p e rm i t  100 KeV a v a i l a b l e  en e rg y  f o r  t h i s  mode o f  decay .
Hence o n ly  a f o u i ’t h  f o r b i d d e n  t r a n s i t i o n  could  o c c u r  and t i ie
o x p o c t e d  h a l f - l i f e  w i l l  be > 1 0 '^  y e a r s  -  w e l l  above t h e
s e n s i t i v i t y  o f  th e  e x is t in g :  eqiil-^ment. I f  L o r  M c a p t u r e
o c c u r r e d  th e  h t i l f - l l f e  r o u l d  be  even  I n r g e r .
E x am in a t io n  o f  «n In'luf.-. t.ei’/ l '  v l t l  e Be-w lndowed Wal
c r y s t a l  f a i l e d  r.o r e v e a l  any fjan l a - r a y r  i n  t h e  ranf^e 20 t o  3^^
IFKeV v ' i t h  ir < I . 4  x 10 y a r s .
- 8 0 -
4 .2  lyi-Onr-llF,
A3 th e r e  I s  some doub t  a b o u t  th e  v a lu e  o f  th e  Iu -1 1 5  b e t a  
e n d - p o in t  ene rgy  a new measuremen t  was u n d e r t a k e n  and t h e  
h a l f - l i f e  r e -m e a s u re d .
1 . tia 1 f - I ; i Te Measuremen t .
0 .9943  gnî o f  f i n e l y  powdered •S p e c n u re ’ In^O^ was sp re a d  
u n i fo rm ly  o v e r  900 cm o f  t h e  removab le co pp e r  c a th o d e  o f  a 
p r o p o r t i o n a l  c o u n t e r  c o n s t r u c t e d  from e t e l n l e s s  s t e e l .  T h is  
c o u n t e r  was f i t t e d  1t h  f i e l d  t u b e s .  I t  has a s e n s i t i v e  
c o u n t in g  l e n g t h  o f  45 *n i  i s  8 ,2  cm. i n  d i a m e te r .  The 
c o u n t e r  when f i l l e d  t o  o n e  a tm o sphe re  w i th  a rgon-m e thane  
m ix tu re  had a brxclcrround ( u s i n g  SnO^ as  a  b l a n k )  o f  2 7 .0  — O.3
u n d e r  an a n t i - c o i n c i d e n c e  assem b ly  o f  g e l g e r  c o u n t e r s  
and 8’* o f  s t e e l  s h i e l d i n g  on a l l  s i d e s .  The n e t  c o u n t  r a t e  
o b t a i n e d  w i t h  t h e  In^O^ above FOÜ eV en e rg y  was 7*55 — O.50-  y
o. ' . ; i .  above b ack g ro u n d .  Assuming an  I n o t o p l c  abundance o f  
, ( 4 )95 .7 2^  I 5 0 ! b a c k s e a t t e r i n x  and a c a l c u l a t e d  source  a b s o r p t i o n
( 5 )c o r r e c t  io n  3*^  , th e  h a l f - l i f e  i s
6 ,0  t  0 . 4  X 10^  y e a r s .
T h is  i s  I n  good ag reem en t  w i t h  M a t t e l l * s  v a l u e .
' 'gy 11^  t  e - e n e r g y .
An a t t e m p t  t o  measure t h e  c n d - p o in t  -nerjgy o f  t h e  b e t a -  
s^ec t rum  was made w i th  th e  so u rc e  u.x f f o r  t h e   ^ a l f - l l f e  work 
b u t  w i th  th e  c o u n t i n g  gas  p r e s s u r e  a t  "^nur a tm o sp h e re s  t o  
I n c r e a s e  th e  t o t a l  ene rgy sp e n t  i n  t h e  c o u n t e r  and t o  reduce  
th e  w a l l  e f f e c t .  T h is  showed t h a t  th e  e n d - P o ln t  en e rg y  w as/








/w a s  g r e a t e r  t h a n  ^00 KeV h u t  t h e  spec t rum  d lF :è o r t lo n  was to o  
l a r g e  t o  p e rm i t  an  a c c u r a t e  m easurem en t .  I t  was d e c id e d  
t h e r e f o r e  t o  use  a p l a s t i c  n h o sn h o r  f o r  t h e  h e t a - e n e r g y  
d e t e r m i n a t i o n s .
A p l a s t i c  ph osp h o r ,  t y ^ e  NB 102 , 1 ** t h i c k  and 5 ’* d i a m e te r  
was moun ted on a 5 '* n h o t o m u l t l p l l e r ,  ty p e  ISMI 6^64 .  The 
s i d e s  o f  t h e  ph osph o r  were c o a t e d  w i t h  magnesium o x id e  
r e f l i e c t l n g  p a i n t  and th e  to p  s u r f a c e  w i t h  an  a lum in ium  
r e f l e c t o r  O.OOOO3** t h i c k .  When s h i e l d e d  hy 8’* o f  s t e e l  
I n s i d e  th e  A.W.R.S. low backg round  l a b o r a t o r y ,  a c o u n t  r a t e  
o f  2 3 0 .7  -  0 , 4  c /m ln  50 KeV was o b s e rv e d .  An e x c e s s  coun t  
r a t e  o f  10 crm was d e t e c t e d  when a so u rce  o f  0 ,0 0 5 ’* t h i c k  
p u re  Ind ium m e ta l  f o i l  was o l a c e d  on to p  o f  t h e  a lum in ium  
r e f l e c t o r .  The source  and backg round  s p e c t r a  we re  e a c h  
r e c o r d e d  f o r  24 h o u rs  w i th  a 100 ch a n n e l  k l c k s o r t e r .  The 
d i f f e r e n c e  spec t rum  I s  shown I n  P ig .  1 . Energy c a l i b r a t i o n  
was e f f e c t e d  w i t h  t h e  O 0 - 6 0  b e t a —ra y  e n d - p o in t  e n e rg y  and th e  
440 KeV Gomrton edge from a Os-1 3 7  s o u rc e .  From t h e s e  
r e s u l t s  I t  I s  co n c lu d ed  t h a t  t h e  In -1 1 5  b e t a - sp ec t ru m  h as  a 
maximum en e rg y  o f  48O t  30 KeV,
A s e a r c h  f o r  gamma r a y s  > 3 ^  KeV was made us lO g  a Be-wlndow 
Nal c r y s t a l .  I t  was c o n c lu d e d  t h a t  In -1 1 5  I s  s t a b l e  tow a rd s  
gamma-em lss lon w i t h  a h a l f - l i f e  > 3 , 1  x 10^^ y e a r s .
3 .  D 1 scu s s lo n .
The g round s t a t e  s 'n ins o f  I n -115  srid Bn-115  have b e e n  
d i r e c t l y  measured ^^^ to  be 9 /2  4- and ^4- r e s p e c t i v e l y .  Hence/
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/H ence  the  In -1 1 5  decay t o  t h e  g round s t a t e  o f  Sn-1 1 5  IG 
f o u r t h  f o r b i d d e n .  Tha t  th e  decay  I s  d i r e c t  t o  t h e  g round  
s t a t e  I s  co n f i rm e d  by th e  a b se n c e  o f  gam* la - ray  s .
Assuming a h a l f - l i f e  o f  6 x 10^^ y e a r s  and a decay 
en e rg y  o f  480 KeV, t h e  l o g  f t .  I s  22 . 7 , T h i s  I s  c o n s i s t e n t  
w i t h  t h e  v a lu e  e x p e c t e d  f o r  a f o u r t h  f o r b i d d e n  t r a n s i t i o n .
The decay  e n e rg y  i s  I n  good ag reem en t  w i t h  t h a t  deduced from 
t h e  work o f  Varma and M an d ev i l l e^ ^^o n  In-115>vv.
4 .3  8b -T e - 121 .
As no a c t i v i t y  has  b een  o b se rv e d  I n  e i t h e r  I s o t o p e  I t  
was d e c id e d  t h e r e f o r e  to  s e a r c h  f o r  p o s s i b l e  b e t a ,  K c a p t u r e  
and gamma a c t i v i t y .
1 . S ea rch  f o r  ü e t a - d e c a y .
2 .2 5 5  gm. o f  f i n e l y  -nowdered •Specpure* Sb^O^ was moun ted 
on t h e  ca th o d e  o f  th e  l a r g e  p r o p o r t i o n a l  c o u n t e r  a s  u sed  I n  
t h e  Od-113 e x p e r im e n t .  8nO^ was u sed  a s  th e  b ack g ro u n d  
s o u rc e .  No c o u n t s  above 1 .2  KeV were o b s e rv e d  I n  8 h o u r s .  
Assuming tw i c e  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean would be 
d e t e c t a b l e  above t h e  b ack g ro u n d ,  a a u I s o t o p l c  abundance o f  
42.75!^# 5^/- b a c k s e a t t e r l n g  and  2 p1 geom e t ry ,  t h e  u p p e r  l i m i t  
f o r  b e t a - r a d l a t l o n  o f  en e rg y  < 50 KeV I s
> 1 .3 2  X 10^^ y e a r s .
4 .3  S ea rch  f o r  K - c a p t u r e .
The co u n t  r a t e  o b t a i n e d  from a source  o f  2 .2 6  gm. o f  
n a t u r a l  TeO^, c o n t a i n i n g  0 .8 7 ^  T e -123 , moun ted on th e  c a t h o d e /
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/ c a t h o d e  o f  th e  p r o n o r t l o n a l  c o u n t e r ,  f i l l e d  t o  40 era. p r e s s u r e  
w i t h  a rgon-m e t  ha ne m i x tu r e ,  was compared w i t h  t h a t  g i v e n  by a 
SnOg c o a t e d  c a th o d e .  An e x c e s s  o f  9^ "t 25 c o u n t s  p e r  hour 
was o b t a i n e d  and found t o  be l o c a l i s e d  o v e r  th e  28 KeV r e g i o n  
o f  t h e  spec trum  c o r r e s p o n d in g  t o  th e  K^ e m i s s i o n  e n e rg y  o f  8b. 
A b s o r p t i o n  o f  K X -ray s  i n  t h e  source  i s  o n ly  1 . 4?^  end t h e  
d e t e c t i o n  e f f i c i e n c y  o f  th e  c o u n t e r  was c a l c u l a t e d  t o  be  
Assuming a f l u o r e s c e n t  y i e l d  o f  85 *5)^  and t h a t  a l l  t h e  Auger 
e l e c t r o n s  would be d e t e c t e d  by th e  c o u n t e r ,  c a l c u l a t i o n  
y i e l d s  a h a l f - l i f e  f o r  t h e  K e l e c t r o n  c a p t u r e  o f  Te-1 2 3  o f
0 .8 0 7  ±  0 .3 5  X 10^^ y e a r s  where th e  e r r o r  I s  t h e  s t a n d a r d  
d e v i a t i o n .
S ince  t h e  X -ray  d e t e c t i o n  e f f i c i e n c y  I s  v e ry  low f o r  th e  
above c o n d i t i o n s ,  th e  ex p e r im e n t  was r e p e a t e d  w i t h  t h e  g as  
p r e s s u r e  a t  4 a tm o sp h e re s .  T h i s  i n c r e a s e s  t h e  e f f i c i e n c y  to  
abo u t  24^. T ak ing  I n t o  c o n s i d e r a t i o n  t h e  c o r r e l a t i o n s  
m en t io n ed  a v a lu e  o f  1 .0 0  O.27 x 10^^ y e a r s  was c a l c u l a t e d .
As m en t ioned  p r e v i o u s l y  mos t  o f  t h e  •Specpure* m a t e r i a l s
c o n t a i n  m a l l  amoun ts o f  a l p h a - a c t l v l t y .  I t  was th o u g h t
t h a t  t h i s  may be s u f f i c i e n t  t o  e x c i t e  t h e  f l u o r e s c e n t  X - ray s
t o  Te and acco u n t  f o r  th e  a p p a r e n t  K -c a p t u r e  a c t i v i t y .
C o n seq u en t ly  a so u rce  o f  1 .8 8  gm o f  Te m e ta l  powder was
co u n t e d  and BbgO^ u sed  f o r  t h e  back g ro un d .  The p r e v i o u s
s o u r c e s  had s i m i l a r  a l p h a - a c t i v l t l e s o f  t h e  o r d e r  o f  1 c .p .ra .
p e r  gram. T h is  Te source  had an a l p ^ i a - a c t I v l t y  s m a l l e r  t h a n  
t h e  SbpO^, hence i f  t h e  - r a y s  were e x c i t e d  by t h e  a l p h a - /
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/ a l p h s - p a r t l c l e s ,  a n e g a t iv e  r e s u l t  would be  e x p e c t e d .  Once 
a g a in  e x c e s s  c o u n t s  o f  75 -  37 c o u n t s  p e r  hour we re  d e t e c t e d  
I n  t h e  28 KeV r e g i o n  o f  t h e  snec t rum  g i v i n g  a h a l f - l i f e  o f  
1 .6 4  i  0 .4 9  X 10^^ y e a r s .  No s u r p l u s  c o u n t s  were  o b s e rv e d  
o u t s i d e  t h i s  en e rg y  r a n g e .
S ince  c o m p l e t io n  o f  tl*e p r o p o r t i o n a l  c o u n t e r  e x p e r im e n t ,  
a s c i n t i l l a t i o n  c o u n t e r  w i t h  a t h i c k  and 2** d i a m e t e r  Nal 
(T l)  c r y s t a l  w i t h  a 0 , 005 '* b e r y l l i u m  window tias b e e n  a c q u i r e d .  
As t h i s  has  a d e t e c t i o n  e f f i c i e n c y  o f  a lm o s t  lOCÿ? I t  was 
d e c id e d  t o  r e p e a t  t h e  s e a r c h  f o r  K X -ra y s .  T h is  s p e c t r o m e te r  
was s i t u a t e d  In  t h e  low backg rou n d  l a b o r a t o r y  a t  AVVRiS and had 
a backg rou nd  o f  89 c / h r .  u n d e r  t h e  28 KeV r e g i o n ,  0 ,8 0 7  gm, 
o f  TeO^ was p l a c e d  I n  a t h i n  p o l y th e n e  b a g ,  c u t  t o  f i t  c l o s e l y  
o v e r  t h e  b e r y l l i u m  window, A s i m i l a r  so u rc e  o f  0 ,9 5 7  gm, 
o f  8b^0^ was u sed  f o r  t h e  back g ro u n d ,  A p o s i t i v e  r e s u l t  o f
3 6 .1  -  3*25 c / h r ,  was a g a in  o b se rv e d  i n  th e  K X - ray  r e g i o n  
o f  th e  spec t rum  c o r r e s p o n d in g  t o  a h a l f - l i f e  f o r  K c a p t u r e  
o f  1 ,3 2  -  0 ,1 2  X 10^^ y e a r s .  The co u n t  r a t e s  above 40 KeV 
a g r e e d  r i t h l n  s t a t i s t i c s .
The w e ig h t e d  mean o f  t h e s e  f o u r  r e s u l t s  i n d i c a t e s  t h a t  
Te-123 un de rgoes  K e l e c t r o n  c a p t u r e  w i t h  a t e l f - l l f e  o f
1 ,2 4  — 0 .1 0  X 10^^ y e a r s .
4 . 4  S ea r ch  f o r  Gam a - r a y s .
The e x i s t e n c e  o f  enerrty l e v e l s  i n  Sb-123  and Te-1 2 3  a t  
161 and 154 KeV r e s p e c t i v e l y  have been  e s t a b l i s h e d ^ ,
I t  was d e c id e d  t h e r e f o r e  t o  l o o k  f o r  th e  gam; la-reys w h l c l /
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/ w h l c h  would a r i s e  I f  decay to  t h e s e  l e v e l s  was e n e r g e t i c a l l y  
p o s s i b l e .
The b e r y l l i u m  windowed c r y s t a l  was p l a c e d  I n s i d e  an  8"
s t e e l  s h i e l d  i n  th e  AV/RE low backg round  c e l l .  T h i s  c r y s t a l
h as  abo u t  755  ^ d e t e c t i o n  e f f i c i e n c y  f o r  l6 o  KeV gamma-rays and
a backg round  above 10 KeV o f  t h e  o r d e r  o f  5^ c /m ln .
O b s e r v a t io n  o f  th e  s p e c t r a  from 8bgO_ and TeO s o u r c e s2
w i th  a 100 c h a n n e l  k l c k s o r t e r  I n d i c a t e d  no e x c e s s  c o u n t s .  I t
was co n c lu d e d  t h a t  81-123 has  a minimum h a l f - l i f e  f o r  gamma-
d l s l n t e g r a t l o n  I n  th e  10 KeV -  200 KeV r e g i o n  o f  1 .5  x 10^^
y e a r s  and t h a t  Te-123  I s  s t a b l e  to w a rd s  gam na-em lss lon  w i t h  a
minimum h a l f - l i f e  o f  2 .5  x 10^^ y e a r s .  Geome try, s o u rc e
a b s o r p t i o n  and d e t e c t i o n  e f f i c i e n c y  c o r r e c t i o n s  have b e e n
i n c l u d e d  i n  t h e s e  c a l c u l a t i o n s .
4 .5  0 1 s c u a s i o n .
The above r e s u l t s  i n d i c a t e  t h a t  Te-1 2 3  I s  a c t i v e  and
d ec ay s  by K e l e c t r o n  c a p t u r e  to  Sb-123  w i t h  a h a l f - l i f e  o f
111 . 2 4 — 0 .1 0  X 10 y e a r s .  S ince  th e  minimum gamma-ray h a l f -  
l i f e  I s  a p p r e c i a b l y  lo n g e r  t h a n  t h i s ,  t h e  t r a n s i t i o n  must  be 
m a in ly  be tw een  t h e  ground s t a t e s  o f  Sb-1 2 3  and Te-1 2 3  a s  t h e s e  
have m easured s p i n s  and P a r i t i e s  o f  7 /2  and ^ r e s p e c t i v e l y ,  
t h e  e l e c t r o n  c a p t u r e  t r a n s i t i o n s  sho u ld  be  second f o r b i d d e n  
w i t h  t h e  c l i e r a c t e r i s f c i c  l o g  f t  v a l u e '^1 3 .  '^hen t h i s  v a lu e  
I s  comb ined w i th  th e  m easured h a l f - l i f e  c a l c u l a t i o n  shows 
t h a t  t h e  decay e n e rg y  a v a i l a b l e  f o r  t h e  t r a n s i t i o n  I s  on ly  
a few e l e c t r o n - v o l t s .  However, s in c e  t h e  X-ray i s /
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/ i s  o b s e rv e d ,  th e  t r a n s i t i o n  e n e rg y  must be  > 2/  KeV w h ich  
I m p l i e s  a l o g  f t  = 18 . I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  
t r a n s i t i o n  r a t e  I s  h in d e r e d  a s  c o u ld  happen I f  t h e r e  I s  
c o n f i g u r a t i o n a l  m ix in g  o f  t h e  s t a t e s  In v o lv e d  I n  t h e  t r a n s i t i o n ,
4 . 4  R o - Q ^ l 87 .
Ke-187 i s  known t o  be u n s t a b l e  w i t h  r e s p e c t  t o  b e t a  
e m i s s i o n .  The en e rg y  o f  th e  t r a n s i t i o n  I s  v e ry  low and 
p r o b a b l y 8 Kev. I t  was th o u g h t  t h a t  e x a m in a t i o n  o f  an 
evapo rH ted  m e t a l l i c  rhen ium so u rc e  i n  th e  p r o p o r t i o n a l  
c o u n t e r  would p e r m i t  d e t e c t i o n  o f  t h e  /1- r a y s  I f  t h e  e n e rg y  
i s  g r e a t e r  t h a n  I5 0  eV,
1. E x p e r lm e n t e l .
An e l e c t r o l y t i c  c y l i n d e r  formed th e  c a th o d e  o f
th e  p r o p o r t i o n a l  c o u n t e r  w h ich  was c o n s t r u c t e d  from b r a s s  
t u b i n g  o f  l e n g t h  2 2 ,9  cm, and 8 ,9  cm. I n  d i a sa e te r .  Guard 
and f i e l d  c o r r e c t i o n  t u b e s  moun ted on e b o n i t e  i n s u l a t o r s  
f i t t e d  i n t o  ea ch  end g i v i n g  an  e f f e c t i v e  c o u n t in g  s u r f a c e  
a r e a  o f  ^Go cm , A 0 . 001" d i a m e te r  p h o sp h o r  b ron ze  w i r e  
was u s e d  a s  t h e  anode .
^%en f i l l e d  t o  one a tm o sphe re  p r e s s u r e  w i t h  a rg o n  p l u s  
105  ^ me thane and  o p e r a t e d  i n s i d e  t h e  low back g ro un d  c e l l ,  th e  
coun t  r a t e  above I5 0  eV was 1 3 6 .0 ±  0 , 4  c /m ln ,  and i n  t h e  
r a n g e  I5 0  eV t o  2 KmV was o n ly  I 9 . I  -  0 ,2  c /m ln ,  w i t h o u t  any 
a n t i - c o i n c i d e n c e  a r ra n g e m e n t .




u. 3 0 0
O • SO
lO O
2 0 3 0 6 0 '
C H A N N EL NUMBER
FIGURE 2
^ i ta n iu iû  K X - ra y ü, e x c i t e d  by I r r a d i a t i o n  o f  a o l e o e  ,o f  
t i t a n i u m  m e ta l  r l t h  th e  b r e m s s t r a h l u n g  from a t r i t i u m  s o u rc e ,  
were f i r e d  t h r o u g h  a 0,010*’ b e r y l l i u m  window s i t u a t e d  on t h e  
w a l l  o f  th e  c o u n t e r  t o  g iv e  an en e rg y  c a l i b r a t i o n  a t  4*5 KeV, 
The 9 *^^ KeV X - ray s  from a O^c-7 3  e l e c t r o n  c a p t u r e  so u rc e  was 
a l s o  u sed .  R e s o l u t i o n ,  f u l l  w id th  a t  h a l f  h e i g h t ,  was 20^  
and 155  ^ f o r  th e  r e s p e c t i v e  n e a k s .
Background s p e c t r a  were r e c o r d e d  on a 100 c h a n n e l  k i c k -  
s o r t e r  over  th e  ran g e  1Ç0 eV t o  2 KeV f o r  -nerlode o f  1 / . 2$
h o u r s  and 2 0 . /  h o u r s  and i n  t h e  ra n g e  1 KeV t o  12 ilev f o r
6 ,8  h o u rs .
A l a y e r  o f  a p n ro p im a te ly  4^ gnv^cm^ t h i c k  s p e c t r o g r a p l l c a l l y  
p u re  rhen ium m e ta l  was vacuum e v a p o r a t e d  on to  th e  Conner  
c a th o d e  o f  the  c o u n t e r  wh ich was t h e n  r e a s s e m b l e d  and  th e  
s o u rc e  spec t rum  r e c o r d e d  f o r  an e q u a l  d u r a t i o n  o v e r  t h e  same
e n e rg y  range  a s  t h e  backg round .  The s p e c t r a  o b t a i n e d  w i t h
th e  sou rce  were a l t e r n a t e d  w i t h  th e  b ackg round  r u n s ,  t h e  
s o u rc e  b e in g  c l e a n e d  o f f  f o r  th e  back g ro u n d  and r e d e n o s i t e d  
w i t h  rhen ium f o r  the  b e t a  s e a r c h .
5 0  Keeuits.
A c o n s i s t e n t  e x c e s s  o f  4*9 ~ 0 .1  c.r i . tn. o t s e r v e d  above 
th e  backg round  o f  l A . l  — 0 ,3  c .n .m ,  i n  t h e  low e n e rg y  r u n  i s  
a t t r i b u t e d  t o  t h e  b e t a - a c t l v î t y  from R e - lB / -  The spec t rum  
w i t h  backg round s u b t r a c t e d  i s  shown i n  F ig u re  2 w he re  i t  can 
be see n  t h a t  t h e r e  i s  no coun t  r a t e  above back g ro u nd  f o r  
e n e r g i e s > 1 .2  ± 0 . 1  KeV. I t  i s  c o n c lu d e d  t h a t  t h i s  i s  t h e /
-b8"
/ t h e  niaxiriiufn b e t a  e n e rg y .  The h ig h  ene rgy r a n  b e tw e en  1 KeV 
and 12 KeV c o n f i rm e d  t h a t  no G u r i l a e  c o u n t s  o c c u r r e d  above 
1 .2  KeV. (XIng t o  th e  v e ry  s o f t  n a t u r e  o f  t h e  b e t a  r a d i a t i o n ,  
i t  was no t  c o n s i d e r e d  'p o s s ib l e  t o  measure  t h e  sne c i f i c  
a c t i v i t y  o f  t h e  so u rce  b e c a u s e  o f  t h e  s e r i o u s  s e l f - a b  s o r t i t  i o n  
wh ich must o c c u r .  However, a rough e s t i m a t e  o f  th e  h a l f - l i f e  
c a n  be made by assum ing th e  mean range  f o r  t t ie  a v e ra g e  e n e rg y  
o f  t h e  e l e c t r o n s  deduced from a know ledge o f  t h e  b e t a  end 
p o i n t  ene rgy  and t h a t  a l l  t h e  c o u n t s  from t h i s  e q u i v a l e n t  
s o u rc e  t h i c k n e s s  e r e  d e t e c t e d .  ^o r  6n av e rag e  e n e rg y  o f  
400 eV and a ra n g e  o f  th e  o r d e r  o f  0 . 5^grr/cm , o b t a i n e d  by
e x t r a 'p o l a t i o n  o f  t h e  u s u a l  r a n g e - e n e r g y  c u r v e s ,  t h e  h a l f - l i f e
: 1C
(4)
i s  c a l c u l a t e d  t o  be o f  th e  o r d e r  o f  3 ^ 0^^ y e a r s .  The
abundance o f  Re-187 i s  t a k e n  a s  62 . 93/^»
5 .4  ^ i s c u s s l o n .
S ince  t h e  s 'n ins and p a r i t i e s  o f  th e  g round s t a t e s  o f
Rc-187 and Os-187 a r e  3 /2  and 1/ 2 -  r e s r ) e c t l v e l y ,  t h e  b e t a
decay  sh ou ld  be f i r s t  f o r b i d d e n  un ique  w i t h  a l o g  f t .  v a lu e
i n  th e  range 8 . 5 — O.5 i f  c h a r a c t e r i s t i c  o f  t h i s  g ro u n .  The
m easured  decay e n e rg y  o f  1 .2  KeV and e s t i m a t e d  h a l f - l i f e  of 
103 X 10 y e a r s  g iv e  a lo g  f t . -^10 w h ich  i s  i n  f a i r  ag reem en t  
w i t h  t h e  t h e o r y  c o n s i d e r i n g  t h e  u n c e r t a i n t y  i n  tlie h a l f - l i f e  
and th e  doub t  a b o u t  Lhe m agn i tude  o f  t h e  coulomb to  t h e  f t .  
v a lu e  f o r  such lo'?? decoy e n e r g i e s .  A h a l f - l i f e  o f  5 ^ 10^ 
y e a r s  would g iv e  a b e t t o r  f i t  w i th  t h e  th e o r y  and c o u ld  be
more a c c u ra  .e ly  d e t e rm in e d  by c o u n t in g  rheniurii  In  th e  vapour  
phase  t o  a v o id  a b s o r p t i o n  l o s s e s .
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0h a n t e r  h.
A lpha R a d i o a c t i v i t y  iUnonp: the  Medlur:t-heavy E lem en ts .
5 .1  I n t r o d u c t i o n .
The d i s c o v e r y  by lievesey and P au l  i n  193^^^^ o f  t h e  
n a t u r a l l y  o c c u r r i n g oc- a c t i v i t y  i n  Samarium and t h e  su b seq u en t  
d i s c o v e r y  o f  n l e o c h r o i c  h a l o e s  i n  ro c k s  w h ich had c o n t a i n e d  
1^^1451 nrorrmted much d i s c u s s i o n  " on t h e  n o s s i b l e  a In  ha 
i n s t a b i l i t y  o f  e l e m e n t s  be low Lead (Z = - 82) .  The c o n c l u s i o n  
r e a c h e d  was t h a t  most  o f  t h e  medium heavy e le m e n t s  i n  th e  
p e r i o d i c  t a b l e  a r e ,  on th e  a v e r a g e ,  u n s t a b l e  to w a rd s  a ln i ia  
e m i s s i o n  b u t  would be beyond t h e  l i m i t s  o f  d e t e c t i o n  by e x i s t i n g  
t e c h n i q u e s  s in c e  t h e  h a l f  l i v e s  a r e  e x p e c t e d  t o  be i n  t h e  r e g i o n  
o f  10^^  y e a r s  o r  g r e a t e r .  F l u c t u a t i o n s  a b o u t  t h i s  a v e ra g e  
c o u ld  e x p l a i n  th e  s ipha  l a b i l i t y  o f  Samarium and n o s s i b l y  a few 
o f  th e  m i s s in g  ( i - s t a b l e  n u c l i d e s .
(7)Kohman ( 1949) deduced t h e  ap p ro x im a te  e n e rg y  r e l e a s e d
by a In h a  d i s i n t e g r a t i o n  by e s t i m a t i n g  th e  I n d i v i d u a l  a In h a
p a r t i c l e  b i n d i n g  e n e r g i e s  from t h e  e m p i r i c a l  mass e q u a t i o n  o f
( 8 )Boiir and VŸh e e l e r  . He co n c lu d e d  t l i a t  most  n u c l i d e s  above 
mass A = 14O a r e  e n e r g e t i c a l l y  c a p a b l e  o f  a l n h a - e m i s s i o n  and 
a r e  s t a b i l i s e d  by t h e  n u c l e a r  p o t e n t i a l  b a r r i e r  r e s u l t i n g  from 
th e  h ig h  ch a rg e .  On t h e  n e u t r o n  d e f i c i e n t  s id e  o f  th e  
- s t a b i l i t y  r e g i o n ,  û É -ac t iv i ty  n u e t  be an  im p o r t a n t  mode o f  
decay and may com p le te  o r  r e p l a c e  e l e c t r o n  c a p t u r e  o r  decay .
D e t e c t i o n  and measuremen t  o f  th e  decay r a t e s  and 
d i s i n t e g r a t i o n  e n e r g i e s  f  s l - e m i t t e r s  i n  t h e  r a r e  e a r t h  r e g i o n  
a r e  o f  i n t e r e s t  s i n c e  they  p r o v i d e  an a c c u r a t e  measure o f  t h e /
—Ql—
/ t h e  b i n d i n g  e n e r g i e s  and rnese d e f e c t s  i n  a r e g i o n  c o n s i d e r a b l y
removed from the  heavy e lem en t  a lo h a  e m i t t e r .  A lso  th e
c o r r e l a t i o n  o f  a lo h a  decay r a t e s  and decay e n e r g i e s  among th e
(q)r a t e  e a r t h s ,  assum ing t h e  t h e o r e t i c a l  decay  r a t e  f o r m u l a ' ^  ,
p e r m i t s  c a l c u l a t i o n  o f  t h e  " e f f e c t i v e "  n u c l e a r  r a d i u s  f o r  a lp h a
p a r t i c l e s  f o r  th e  d a u g h t e r  n u c l e i . however,  l o n g e r  h a l f - l i v e s
t h a n  e x p e c t e d  would no t  be  uncomr^on i n  v iew o f  t h e  o c c u r r e n c e
o f  • h in d r a n c e  f a c t o r s *  f o r  odd A n u c l e i ^ . In d e e d ,  odd A
n u c l e i  u s u a l l y  have l o ^ e r  decay r a t e s  by ^ l o 3 t h a n  even  A n u c l e i .
W ith a know ledge o f  t h e  a l o h a  l i s i n t e g r a t i o n  e n e r g i e s  o f
many o f  t h e  heavy i s o t o o e s  and t h e  (1- d e c a y  o f  a few i t  has  b een
p o s s i b l e  t o  c a l c u l a t e  t h e  r e l a t i v e  m asses  o f  n u c l i d e s  o f  g iv e n
r a d i o a c t i v e  f a m i l i e s .  U n f o r t u n a t e l y ,  i n  t h e  medium heavy
e lem en t  r e g i o n  t h i s  i n f o r m a t i o n  i s  no t  a v a i l a b l e  t o  p e r m i t
c a l c u l a t i o n  o f  m asses  by c l o s e d  decay c y c l e s .
I n  an  e f f o r t  t o  o b t a i n  more e ^ n e r i m e n t a l  i n f o r m a t i o n
, ( 1 1 )Thoneon e t  e l  (1949) embarked on a p ro  g ram w  o f  •nrodu.clng
n e u t r o n  d e f i c i e n t  i s o t o p e s  by d e u te r o n  bombardmen t  o f  t a r g e t s  o f  
th e  medium-heavy e l e m e n t s  i n  t h e  I8 4  in c h  c y c b t r o n  a t  B e rk e le y .  
They s u c c e e d e l  i n  s e p a r a t i n g  and d e t e c t i n g  al'«^ha a c t i v i t i e s  i n  
g o ld ,  m e rcury ,  g a d o l in iu m  and dy sp ro s ium .  These a c t i v i t i e s  were 
a l l  o f  s h o r t  h a l f - l i f e .  S ince  t h e  a lp h a  t o  e l e c t r o n  c a p t u r e  
o r  j^ "*" b r a n c h in g  r a t i o  i s  v e ry  much s m a l l e r  f o r  e l e m e n t s  In  th e  
go ld  r e g i o n  thpn f o r  th o s e  i n  t h e  r a r e  e a r t h s  ( ^ h e r e  ^ / S .C .  Iv ),
th e  a u t h o r s  conc luded  t h a t  in  t h e  r a t e  e a r t h s  t h e  a lp h a  decay i s
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/ t o  l o n g e r  comne tIng  e l e c t r o n - c a n t u r e  h a l f - l i v e s  comb ined w i t h  
e x c e p t i o n a l l y  h ig h  a ln h a  en e rg y  end hence a c o r r e s n o n d i n g l y  
s h o r t e r  a In h a  h a l f - l i f e  s in c e  t h e  a ln h a  decay p r o b a b i l i t y  i s  a 
v e ry  s e n s i t i v e  f u n c t i o n  o f  e n e rg y .  T h is  l a t t e r  r e a s o n  can  be 
c o r r e l a t e d  w i t h  t h e  s t a b l e  c o n f i g u r a t i o n  o f  82 n e u t r o n s  i n  such 
a way a s  t o  a c q u i r e  t h e  n e c e s s a r y  d i s i n t e g r a t i o n  e n e rg y  i n  
an a lo g y  w i t h  t h e  i s o t o n e s  w h ich  have e x t r a  h ig h  en e rg y  i n  t h e  
range  127-I3O n e u t r o n s  j u s t  above Pb a t  th e  c l o s e d  s h e l l  o f  126
_ 211 ,  212, 213.n e u t r o n s ,  e . g .  TO
On t h i s  b a s i s  Thomson c o n c lu d e s  th e  n a t u r a l  a l n h a - a c t i v i t y  
o f  Samarium a r i s e s  from th e  i s o t o p e  Sm^ 47 w i t h  84 n e u t r o n s .
( o )From th e s e  and l a t e r  m easurem en ts  o f  Thomson, Rasmussen 
and o t h e r s  on th e  a lp h a  e n e r g i e s  o f  th e  a r t i f i c i a l l y  n ro d u c ed  
a ln h a  e m i t t e r s  i n  t h e  med ium-heavy r e g i o n ,  i t  i s  p o s s i b l e  t o  
deduce th e  a ln h a  decay ene rgy  a v a i l a b l e  f o r  t h e  n a t u r a l l y  
o c c u r r i n g  n e u t r o n - d a r f i c i e n t  i s o t o n e s  by n l o t t i n g  a lp h a  e n e rg y  
a g a i n s t  n e u t ro n  number f o r  each  e l e m e n t .  T h is  has  b e e n  c a r r i e d  
out f o r  some o f  t h e  r a r e  e a r t h s  ( F ig .  l ) . Note t h a t  th e  
maxi-;umoC-decay en e rg y  o c c u r s  j u s t  above t h e  c l o s e d  82 n e u t r o n  
s h e l l  where  th e  b i n d i n g  ene rgy  i s  lo w e s t .  A lso ,  t h e  t r e n d  o f  
p a r a l l e l  l i n e s  f o r  a ln h a  decay ene rgy  to  i n c r e a s e  w i t h  d e c r e a s i n g  
n e u t r o n  number i s  a s  n r e d i c t e d  by t h e  Pe rm i-W eizacker  sem i -  
e m n i r i c a l  mass fo rm u la  a l th o u g h  t h e  n r e d i c t e d  e n e r g i e s  a r e  wrong 
s in c e  t h i s  fo rm u la  does no t  a l lo w  f o r  s t r u c t u r a l  e f f e c t s  such 
a s  t h o s e  a s c r i b e d  t o  c l o s e d  s h e l l s .  I t  would pr*pear, t h e r e f o r e ,  
t h a t  th e  l a r g e  a l ’^ ha decay en e rg y  i s  undoub ted ly  a co n se q u en ce /
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/ c o n s e q u e n c e  o f  t h e  d e c r e a s e d  n e u t r o n  "b ind ing en e rg y  j u s t
"beyond th e  c l o s e d  s h e l l  o f  82 n e u t r o n s  i n  an a lo g y  w i t h  th e
maximum a t  N — 128 j u s t  above th e  126 n e u t r o n  c l o s e d  s h e l l  i n
( 12 )th e  heavy e lem en t  a l n h a - e m i t t e r s  •
8 e m i - t h e o r e t i c a l  i n f o r m a t i o n  on th e  e n e r g e t i c s  o f  n u c l e i  
can  be much more a c c i r a t e l y  o b t a i n e d  from t h e  more r e c e n t l y  
d ev e lo n e d  e m n i r i c a l  mass e q u r t i o n  o f  Levy^^^^ 1957» T h is  i s  
f u l l y  d i s c u s s e d  i n  C h an t e r  1, S e c t i o n  1 , 2 .  The mass d e f e c t  i n  
t e rm s  o f  5 and A i s  g iv e n  by:
^  M ( A , 9 i ) s  4- a ^ A 4 -  4- -n 4- a ^ A ^ - f -  T
where t h e r e  i s  one s e t  o f  c o e f f i c i e n t s  f o r  each  s h e l l  r e g i o n  and 
T d e f e n d s  on w h e th e r  th e  n u c l i d e  i s  odd-odd ,  o dd -even ,  even-odd 
o r  e v e n -e v e n .  T h i s  fo rm u la  r e p r o d u c e s  t h e  e x n e r im e n t e l  r é s u l t e  
t o  w i t h i n  0 ,5  MeV f o r  95/^  o f  th e  c a s e s .  T ab le  I  i s  a l i s t  o f  
a l l  t h e  a ln h a  u n s t a b l e  n a t u r a l l y  o c c u r r i n g  n u c l i d e s  w i t h  t h e i r  
r e s p e c t i v e  decay e n e r g i e s  f o r  2<82 as  n r e d i c t e d  by t h i s  e q u a t i o n .  
The ap p ro x im a te  h a l f - l i f e  can  be c a l c u l a t e d  from t h e  sim-  ^l e  
fo rm u la  o f  Condon and Ourney^^^^ o r  Gamow^^*^^ u s in g  t h e  v a lu e  
o f  the decay en e rg y  in c l u d i n g  he coulomb c o r r e c t i o n  and a l l o w in g  
f o r  t h e  r e c o i l i n g  n ^ u c le u s .  I t  i s  th e  n u m o s e  o f  t h i s  worV: to  
examine some o f  t h e s e  i s o t o n e s  w i t h  a v iew t o  exne r im e n t  a l l y  
d e t e r m in in g  th e  d i s i n t e g r a t i o n  en e rg y  and th e  h a l f - l i f e .  For 
t h i s  s tu d y  a n r o p o r t i o n a l  c o u n t e r  w i t h  a l a r g e  a r e a  c a th o d e  was 
u sed .  The m e r i t s  o f  t h e  v a r i o u s  n o s s i b l e  t e c h n i q u e s  were 
c o n s i d e r e d  b e f o r e  d e c id in g  UPon t h i s  form o f  d e t e c t i o n .
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5 .2  Me thods o f  P e t e e t i o n  o f  Low S n e c i f i c  A c t i v i t y  a - S m i t t e r s .
As v e r y  low s n e c i f i c  a c t i v i t i e s  < 0 ,0 2  c o u n t s  n e r  second 
n e r  gram a re  e x p e c t e d  f o r  t h e  med ium-heavy e lem en t  a ln h a  e m i t t e r s  
t h e  f o l l o w i n g  r e q u i r e m e n t s  sh o u ld  he c o n s i d e r e d  "before d e c id i n g  
unon t h e  most s u i t a b l e  t e c .  n iq u e .
1, Large  amoun ts o f  sou rce  m a t e r i a l  a r e  r e q u i r e d  t o  n ro v id e
a s u f f i c i e n t  c o u n t i n g  r a t e  f o r  r e a s o n a b l e  s t a t i s t i c a l  a c c u ra c y .
2 , T h in  s o u rc e s  a r e  n e c e s s a ry  t o  n r e v e n t  s e r i o u s  sou rce
a b s o m t i o n ,
3 * A low n a t u r a l  backg round  i s  e s s e n t i a l .
4 . Long te rm  s t a b i l i t y  o f  equlnm en t  i s  I n n o r t a n t  t o  n e r m i t
s u l T i c i e n t l y  lo n g  c o u n t in g  n e r i o d s  t o  accum ula te  t h e  n e c e s s a ry  
s t a t i s t i c s ,
5 # H igh n u r i t y  san in les  a r e  m anda to ry .
N u c le a r  e m u ls io n  me thods a r e  w e l l  s u i t e d  to  t h i s  t y p e  o f  
s tu d y .  The n i â t e s  c a n  be l o a d e d  w i t h  ^  3^ m.g.m. q u a n t i t i e s  
o f  samn le wh ich can  be l e f t  f o r  s e v e r a l  mon ths b e f o r e  a n a l y s i n g .  
The n a t u r e  o f  t h e  a c t i v i t y  i s  d e t e rm in e d  by t h e  d e n s i t y  o f  
i o n i s a t i o n  a lo n g  t h e  n a t h  and t h e  ene rg y  by t h e  t r a c k  l e n g t h .  
However, t h e r e  a r e  d i f f i c u l t i e s  w i t h  t h i s  t e c h n i q u e  b e c a u se  
f a d in g  o f  th e  t r a c k s  o c c u r s  w i t h  t im e ,  r e s t r i c t i n g  th e  e x p o s u re s  
t o  a l i m i t  o f  abou t  t h r e e  m on ths.  The s t o o p in g  power o f  t h e  
P l a t e s  a l t e r s  w i th  t h e  deg ree  o f  l o a d i n g  and s h r in k a g e  o c c u r s  
w i t h  t im e  hence e n e rg y  c a l i b r a t i o n  i s  d i f f i c u l t  and n e c e s s i t a t e s  
th e  p r e s e n c e  o f  a i^nown a lp h a  en e rg y  f o r  c a l i b r a t i o n  w i th  a 
c o n se q u en t  r i s e  i n  t h e  e f f e c t i v e  backg round .  As t h e r e  i s  a /
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/ R t h r e e  d im e n s io n a l  e f f e c t  i n  r e c o r d i n g ,  a t o t a l  co u n t  
d e t e r m i n a t i o n  i s  c o m p l i c a te d  and t h e r e  i e  a l i m i t  t o  th e  s h o r t e s t  
p r o j e c t e d  t r a c k  l e n g t h  o b s e r v a b l e  i n c r e a s i n g  th e  p o s s i b i l i t y  
o f  l o s i n g  c o u n t s .
I o n i s a t i o n  chambers  have a l s o  b een  u sed  f o r  t h i s  t y p e  o f  
m easurem en t .  Once a g a in ,  however,  th e  so u rce  q u a n t i t y  i s  
r e s t r i c t e d  a s  t h e  so u rce  must be  t h i n  enough t o  p r e v e n t  s e r i o u s  
s e l f - a b s o r p t i o n ,  i . e .  to  th e  o r d e r  o f  100 m, gro/cm-. For a
p ^p o s s i b l e  1000 cm source  a r e a ,  100 m.g.m. o f  s o u rc e  can  be  
e a s i l y  moun ted. The method i s  no t  a p p r e c i a b l y  more s e n s i t i v e  
t h a n  p h o t o g r a p h i c  em u ls io n s  s in c e  t h e  geom e t ry  i s  o n ly  2T\ 
a l t h o u g h  th e  d i s a d v a n t a g e s  o f  e n e rg y  c a l i b r a t i o n  and f a d i n g  
e x p e r i e n c e d  w i t h  p h o t o g r a p h i c  p l a t e s  do n o t  a r i s e .  The p u l s e  
h e ig h t  has  been  shown t o  be s t r i c t l y  p r o p o r t i o n a l  t o  en e rg y  
and l o n g  c o u n t in g  r u n s  can  be  made o v e r  a p e r i o d  o f  mon ths i f  
need b e ,  a l t h o u g h  g as  p o i s o n i n g  t.:ay o c c u r  and f r e q u e n t  
r e f i l l i n g  o f  t h e  chamber i s  a d v i s a b l e  t o  s t o p  d r i f t .
E l e c t r o n i c  ^ u l se h e i g h t  r e c o r d i n g  i s  a b i g  ad v a n ta g e  o v e r  th e  
t e d i o u s  m i c ro s c o p i c  a n a l y s i s  r e q u i r e d  f o r  p h o t o g r a p h i c  
t e c h n i q u e s .
A 47T gas  f i l l e d  p r o p o r t i o n a l  c o u n t e r  has  b e e n  used^^^^ 
t o  m easure  t h e  h a l f - l i f e  o f  Here th e  p r a c t i c a l  l i m i t a t i o n s
o f  p ro d u c in g  l a r g e  a r e a  t h i n  f i l m s  a r i s e .  The method has  no 
o u t s t a n d i n g  a d v a n t a g e s  ov er  p r e v i o u s  m e thods and b e c a u s e  o f  th e  
so u rce  a r e a  r e s t r i c t i o n s ^ i s  a lm o s t  c e r t a i n l y  i n a p p l i c a b l e  t o  
i s o t o p e s  w i th  h a l f - l i v e s  s e v e r a l  o r d e r s  o f  m agn i tude g r e a t e r /
- 9 ^
/ g r e a t e r  th a n  Stu-147*
(17)KoM a n  In  1953 s u g g e s t e d  t h e  u se  o f  a l a r g e  p r o p o r t i o n a l
c o u n t e r  f o r  t h i s  t y p e  o f  work b u t  t o  d a t e  t h e  me thod does  no t
a p p e a r  t o  have b ee n  u sed .  The c y l i n d r i c a l  p r o p o r t i o n a l
c o u n t e r  can  have a v e ry  l a r g e  c a th o d e  a r e a  and y e t  be  a
2p r a c t i c a l  s i z e .  A c a th o d e  a r e a  o f  5*000 cm i g  p o s s i b l e  w h ich  
would p e rm i t  gram q u a n t i t i e s  o f  so u rc e  t o  be  u sed .  S ince  th e  
p u l s e  h e ig h t  i s  p r o p o r t i o n a l  t o  t h e  en e rg y  s p e n t  i n  th e  c o u n t e r  
and t h e  c o u n t e r  has  l o n g  te rm  s t a b i l i t y ,  a f a c t o r  o f  abou t  30 
t im e s  more s e n s i t i v i t y  i s  o b t a i n e d  o v e r  t h e  p h o t o g r a p h i c  
em u ls io n  t e c h n iq u e  end 5 t o  10 t i m e s  improvemen t  o v e r  o t h e r  
i o n i s a t i o n  chamber m ethods .  T h i s  would p e r m i t  o b s e r v a t i o n  o f  
h a l f - l i v e s  one t o  two o r d e r s  o f  m agn i tude  l o n g e r  t h a n  o b s e r v a b l e  
w i t h  e x i s t i n g  m e thods .  C o n se q u e n t ly  a c o u n t e r ,  w h ich  would 
be s u i t a b l e  f o r  l o n g - l i v e d  a lp h a  h a l f - l i f e  s t u d i e s ,  was d e s ig n e d  
a n I  i s  1e s c r i b e d  be low .
A t a b l e  o f  r e s u l t s  (T a b le  I I )  and t h e  measuremen t  t e c h n i q u e s  
used  has  been  formed u s in g  l i t e r a t u r e  p u b l i s h e d  b e f o r e  Ju n e ,  I961,
5 .3  The A lpha H a l f - L i  re o f  ata-147.
As can  be seen  from T ab le  I I ,  t h e r e  i s  s t i l l  some doub t  
abou t  th e  v a lu e  o f  t h e  Sni-147 h a l  - l i f e  f o r  a lp h a  e m i s s i o n .
S ince t h i s  decay r a  0 i s  s e v e r a l  o r d e r s  o f  m agn i tude f a s t e r  
t h a n  t  ose a n t i c i p a t e d  f o r  th e  o t h e r  i s o t o p e s  l i s t e d  i n  T a b l e I ,  
i t  p r o v i d e s  a s u i t a b l e  means o f  t e s t i n g  t h e  p r o p o r t i o n a l  
c o u n t in g  equipm en t .  G onsequen t ly  a new d e t e r m i n a t i o n  o f  th e  
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/ and th e  r e s u l t  co rm ared  w i t h  t h a t  o b t a i n e d  b y  p r o p o r t i o n a l  
c o u n t in g .
1 . Io n  Chamber Method.
0 ,0 10 8  gm. o f  s p e c t r o g r a - n h i c a l l y  p u re  samarium o x id e  
(Sm^O^), i n  th e  form o f  a v e r y  f i n e  powder was w e ighed  i n t o  a 
c l e a n  b e a k e r  t o  w h ich  was added a few c c .  o f  amyl a c e t a t e  mixed 
w i th  a sm a l l  d ron o f  D u ra f ix  t o  a c t  a s  an a d h e s iv e  a g e n t .  T h is  
was c a r e f u l l y  t r a n s f e r r e d  t o  t h e  ca thode  o f  t h e  io n  chamber  and 
s n re a d  e v e n l y  o v e r  80 cm^ s u r f a c e  a r e a  to  g iv e  an a v e ra g e  
source  t h i c k n e s s  o f  135y^gm/om^.
The 'n u ises  from th e  chamber were a m p l i f i e d  by a t y n e  143O 
head end ma in am *n l i f ier  and f e d  i n t o  a 100 c h a n n e l  ■nuise h e ig h t  
a n a l y s e r .  I n  a - M i t l o n  t o  th e  ii3m-147  pesik a t  2 ,2 0  MeV, -nenks 
a t  l i ig h e r  ene rgy  c o r r e s n o n d in g  t o  th e  n a t u r a l  u ran ium  th o r iu m  
and a c t i n i u m  s e r i e s  were o b se rv e d  (P ig .  2 ) .  P o r t u n a t e l y ,  
th e  " t a i l "  from t h e s e  -neaks f l a t t e n s  out  i n  t h e  2 .0 0  UeV r e g i o n  
and an e t r a p o l a t e d  c o r r e c t i o n  ( i n c l u d e d  i n  T ab le  I I I )  i s  e a s i l y  
a p n l i e d .  T h is  a c t i v i t y  i s  cau sed  by i m r u r i t y  i n  t h e  samarium 
and no t  p ro d u ced  i n  th e  so u rce  p r e p a r a t i o n  a s  v e r i f i e d  by do ing  
a b l a n k  ru n .  However, th e  I m p u r i ty  s e r v e s  t o  i n c r e a s e  th e  
e f f e c t i v e  backg round  and makes u se  o f  t h e  no rmal backg rou nd  
c o r r e c t i o n  q u i t e  m e a n in g l e s s .
V e c t r a  " e r e  r e c o rd e d  f o r  s e v e r a l  s e p a r a t e  r u n s  and 
r e p e a t e d  f o r  d i f f e r e n t  source  t h i c k n e s s e s  t o  check i f  t h e r e  
were any a b s o r p t i o n  l o s s e s .  I t  i s  c o n c lu d e d  from t h e s e  r e s u l t s
and from -he a b s o r p t i o n  ex p e r im e n t  t o  be d e s c r i b e d  t h a t  l o s s e s /
■ imOM  OP PU - 2 W  «  PEAK
F i 6 -.  ^
i
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/ l o s e e s  an?, l e s s  t h a n  25?».
2 . O a l l h r a t l o n  and Résulte-.
Normally  v e ry  t h i n  s o u rc e s  o f  mixed P u -239> 2^8 and 2^6 
I s o t o p e s ,  e l e c t r o d e p o s i t e d  o n to  a s t a i n l e s s  s t e e l  d i s c ,  a r e  
u sed  f o r  ene rgy c a l i b r a t i o n s  and a l i n e a r i t y  check o f  th e  
c tiamber. The work o f  K a r ra s  e t  a l^^^^  i n  w h ich  a - p a r t l c l e s  
w i th  e n e r g i e s  o f  1*797 1*474 MeV were i^roduced by th e  |
B(n, d )  r e a c t i o n ,  v e r i f i e d  l i n e a r i t y  from 1*47 to  5*7 MeV.
When t h i c k  s o u r c e s ,  ^  1 0 0 m- gir\/cm a r e  u sed ,  d e g r a d a t i o n  o f  
th e  spec t rum  r e s u l t s  s in c e  t h e r e  I s  a l o s s  o f  ene rgy  by th e  
d -T > a r t lc le e  t r a v e r s i n g  th e  source* The neak  t h e r e f o r e  f a l l s  
In  en e rg y  and t h e  **t a l i ’* I s  I n c r a s e d .  Hence In  e n e rg y  
c a l i b r a t i o n  w i th  t h i n  rou rceg  t h i s  e f f e c t  mus t  be a l lo w ed  for*
I t  I s  a l s o  I r rn o r t a n t  t o  know w h e th e r  t h e  I n c r e a s e d  so re  ad In  
th e  peak  cau sed  by a b s o r p t i o n .  I s  s u f f i c i e n t  t o  r e s u l t  In  l o s s e s  
from t h e  t o t a l  s o u rc e  coun t  r a t e .  T h is  was I n v e s t i g a t e d  a s  
f o l l o w s :
An e l e c t r o d e r o s i t e d  so u rce  o f  r u - 2 3 9 > w h ich  had b e e n  
a b s o l u t e l y  c a l i b r a t e d  In  a low geom e t ry  c o u n t e r ,  was r l a c e d  In  
th e  chamber and c o u n t e d  f o r  a f i x e d  t im e  to  g iv e  good s t a t i s t i c a l  
a c c u ra c y .  The r e s o l u t i o n  I s  ab o u t  ly  ^ f u l l  w id th  a t  h a l f - h e i g h t  
f o r  9*00 MeV c t - r a r t l c l e s  when f i l l e d  t o  two a tm o s r h e r e s  r r e s s u r e  
w i t h  e rg o n  and 1 0  ^ m e thane.  S u c c e s s iv e  l a y e r s  o f  g o ld  were 
t h e n  e v a r o r a t e d  o v e r  t h i s  sou rce  and t h e  bps c t rum  r e c o r d e d  f o r  
th e  same t ime b e tw e en  th e  r e s r e c t l v e  l a y e r s ,  Thd g o ld  t h i c k n e s s  
was m easured s n e c t r o r h o t o m e t r l c a l l y  u s i n g  a m o n i t o r in g  VYNS-/
-9 9 -
/VYNS-coated c o p i e r  a nul  us  r l a c e d  b e s i d e  t h e  s t e e l  d i s c .  l^lg*3 
shows th e  r e s u l t s . 2Fo r  g o ld  t h i c k n e s s  u r  to  5&0 A^ ^giVcm t h e  a r e a  u n d e r  t h e/
p eak s  rem a in s  th e  same w i t h i n  s t a t i s t i c s ,  I f  t h e  ’’t a i l s '*  a r e  
e ' t r a r o l a t e d  t o  z e ro  en e rg y .  I t  I s  c o n c lu d e d  t h e r e f o r e  t t i a t  
t h e r e  sh o u ld  be no a b s o r p t i o n  l o s s e s  I n  t h e  samarium e x p e r im e n t  
when th e  l a t a  I s  I n t e r p r e t e d  In  t h i s  way. A lso  t h e  chamber  
geome try I s  m easured to  be 49/ c o m r a r l s o n  v ; l th  t h e  s t a n d a r d  
s o u rce .
From t h e s e  r e s u l t s  and t h e  c a l c u l a t i o n s  o f  T ab l e  I I I  th e  
h a l f - l i f e  o f  Üm-147 l e  found t o  be I . I 9  — 0 ,0 4  * 10^^ y e a r s .
As t h e r e  I s  a c o n s i d e r a b l e  ene rgy  s h i f t  In  th e  ^eak  w i t h  
th e  a d d i t i o n  o f  th e  g o ld  l a y e r s  I t  I s  c l e a r  t h a t  a c o r r e c t i o n  
must be a p p l i e d  t o  any ene rgy  measuremen t  made on t h e  b a s i s  o f  
th e  e l e c t r o d e p o s i t e d  source c a l i b r a t i o n .  T h i s  I s  d i f f i c u l t  t o  
c a l c u l a t e  a c c u r a t e l y  b e c a u se  o f  t h e  d i f f e r e n c e  In  a b s o r p t i o n  o f  
g o ld  and samarium o x l l e  and a l s o  b e c a u s e  I n  t h e  l a t t e r  c a s e ,  th e  
a c t i v i t y  I s  u n i fo rm ly  d i s t r i b u t e d  th ro u g h o u t  th e  s o u rc e .  
C onsequen t ly  a sm a l l  amount o f  ln i-236, c) o sen  t o  g iv e  
a p p ro x im a te ly  th e  same coun t  r a t e  a s  th e  samarium, was m i red  
w i t h  t h e  samarium o r l d e  d u r in g  th e  so u rce  p r e p a r t I o n .  S ince  
t h i s  must s u f f e r  s i m i l a r  a b s o r p t i o n  l o s s e s  an a c c u r a t e  e n e rg y  
c a l i b r a t i o n  was p o s s i b l e .
I t  I s  deduced t h a t  th e  e n e rg y  o f  t h e  Sm-1 4 7  oC r a d i a t i o n  I s  
2 .2 0  ±  0 .0 5  MeV.
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3 * ^ r o p o r t l ^ n a l  C oun te r  Method.
Since most o f  th e  su sp ect d ot-tinstable n u c l id e s  are
e x p e c t e d  t o  have h a l f - l i v e e  s e v e r a l  o r d e r s  o f  m agn i tude l o n g e r
than Sm-147# a p r o p o r t io n a l  cou n ter  was co n s tru c ted  w ith  a 
25 ,0 0 0  cm s u r f a c e  a r e a .  T h i s  p e r m i t s  so u rce  amoun ts o f  abou t  
two grams t o  be moun ted w i th o u t  I n t r o d u c i n g  s e r i o u s  a b s o r p t i o n  
l o s s e s  t h u s  g i v i n g  w o rkab le  co u n t  r a t e s ,  e . g .  2 gm. o f  NdgO^ 
w i t h  an  assumed h a l f - l i f e  o f  5 ^ 10^5 y e a r s  shou ld  g iv e  a coun t  
r a t e  o f  1 )  c o u n ts  ^ e r  hour from t l ie  Nd-1 4 4  I s o t o p e .  F o r  e q u a l  
c o u n t in g  p e r i o d s ,  t h e  I n c r e a s e  I n  s e n s i t i v i t y  o v e r  a n u c l e a r  
em u ls io n  method I s  a f a c t o r  o f  about  ^0  a l th o u g h  t h e  l a t t e r  
method has  some a { v an t ag e  s in c e  I t  does no t  r e q u i r e  e l e c t r o n i c  
equipm en t  and t h e r e  I s  l i t t l e  so u rc e  a b s o r p t i o n .  However, s i n c e  
th e  backg roun rl  r a t e  f o r  b o th  me thods I s  s i m i l a r  t h i s  means th e  
r e s u l t  can  be o b t a i n e d  to  t h e  same a c c u ra c y  by p r o p o r t i o n a l  
c o u n t in g  i n  one f i f t i e t h  o f  t h e  ex p o su re  t im e  r e q u i r e d  f o r  
p h o t o g r a p h i c  m ethods.
D e sc r ip t io n  o f  Oounter.
The c o u n t e r  I s  c o n s t r u c t e d  from b r a s s  t u b i n g  I9  cm. I n  
d i a m e te r  and one m e t r e  t o t a l  l e n g t h  w i t h  a s e n s i t i v e  c o u n t i n g  
l e n g t h  o f  84 cm. I t  I s  f i t t e d  w i t h  g u ard  and f i e l d  c o r r e c t i o n  
t u b e s ,  one o f  w h ich  I s  s u p p o r t e d  I n  a m e t a l  m oun t ing f i x e d  t o  
th e  w a l l  o f  th e  c o u n t e r  t o  p e r m i t  removal  o f  t h e  end f l a n g e  
w i th o u t  b r e a k i n g  t h e  O.OO3** anode w i r e .  T h is  a l lo w s  a 0 . 015** 
t h i c k  e l e c t r o l y t i c  co pp e r  c a th o d e  l i n e r ,  wh ich p u s h - f l t s  round 
th e  I n n e r  w a l l  o f  the  c o u n t e r ,  t o  be  e a s i l y  removed when d e s i r e d .
M G .  (+■
Ç,6-
-101-
The s o u rc e  I s  s p r e a d  on t h i s  l i n e r .  F ig .  4 i s  a p h o to g r a p h  
o f  t h e  c o u n t e r  and F ig .  5 shows an  end-v iew o f  t h e  c o u n t e r  w i th  
th e  f i e l d  tu b e  sup-^ort  and e l e c t r o d e  c o n n e c t i o n s .  F ig .  6 I s  
a t y p i c a l  c o u n t e r  e l e c t r o d e  a ssem b ly .
C a l i b r a t i o n .
S in ce  th e  l e n g t h  o f  t h e  i n s e n s i t i v e  p a r t  o f  t h e  c o u n t e r  I s  
c o n s i d e r a b l y  l o n g e r  th a n  t h e  r a n g e  o f  th e  A - p a r t l c l e s ,  I t  I s  
found c o n v e n i e n t  t o  c a l i b r a t e  by hav ing  an e b e t r o d e p o s i t e d  
so u rce  o f  mixed p lu to n iu m  I s o t o p e s  mounted on a p l a c e  o f  s o f t  
I r o n  I n s i d e  th e  c o u n t e r .  T h i s  c a n  be moved I n  and o u t  o f  th e  
s e n s i t i v e  volume when d e s i r e d  by an e x t e r n a l l y  p l a c e d  magne t .  
For c a l i b r a t i o n  o f  t h e i o n g e r - l l v e d  s p e c i e s  I t  I s  I n t e n d e d  to  
use  a samarium o x id e  source  c h o s e n  t o  be th e  same t h i c k n e s s  
a s  t h e  unknown s o u rc e .  T h i s  a v o i d s  th e  e f f e c t  o f  a b s o r p t i o n  
on a p p a r e n t  ene rgy  d i r c u s s e d  e a r l i e r .
The r e s o l u t i o n  o f  t h e  r u - 2 3 6  peak  was 5V> f u l l - w l d t h  a t  
half-maximum h e i g h t  when t h e  In s t r u m e n t  was f i l l e d  t o  one 
a tm o sphe re  w i th  a rg o n  p l u s  10)6 me thane.
R e s u l t s  a n l  D i s c u s s i o n .
0 .9 3 5  gram o f  8m^0^ was moun ted on t h e  cop p e r  c a th o d e  
u s in g  th e  source  m oun t ing  t e c h n i q u e  d e s c r i b e d  f o r  t h e  Io n  
chamber ,  c a r e  b e i n g  t a k e n  t h a t  t h e  source  was com '^ le te ly  w i t h i n  
th e  s e n s i t i v e  volume o f  t h e  c o u n t e r .  P r e l i m i n a r y  e x a m in a t i o n  
o f  t h e  spec t rum  r e v e a l e d  t h a t  t h e  peak  t e n d e d  to  d r i f t  w i t h  
t im e .  T h is  was ca u sed  by t h e  a c c u m u la t io n  o f  cha rg e  on th e
s o u rc e .  Mixing t h e  sou rce  w i t h  a sm a l l  amount o f  c o l l o i d a l /
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/ c o l l o t d a l  g r a r h l t e  p roved  an e f f e c t i v e  c u r e  "but u n f o r t u n a t e l y  
I n t r o d u c e d  a d d i t i o n a l  c o n t a m in a t i o n  o f  t h e  u ra n iu m - th o r iu m  
se l les  w i t h  t h e  co n sé q u en t  i n c r e a s e  i n  e f f e c t i v e  backg round .
The l a t t e r  i n v o lv e d  a c o r r e c t i o n  o f  2^  t o  t h e  Sni-1 4 7  spec t rum .
Assuming an abundance o f  15 . 07?& f o r  th e  2fi>-147 i s o t c o e  
and 2 7T geom e t ry  y i e l d s  a h a l f - l i f e  o f  1 .2 1  ±  0 .0 4  ^  10^^ y e a r s ,  
i n  s a t i s f a c t o r y  ag reem en t  w i th  t h e  i o n  chamber  method.
W h i l s t  i t  i s  a p p a r e n t  t h a t  th e  p r o p o r t i o n a l  c o u n t in g  
me thod i s  s u i t a b l e  f o r  t h i s  t y p e  o f  work p r o v id e d  p r e c a u t i o n s  
a r e  t a k e n  a g a i n s t  so u rce  c h a rg in g  e f f e c t s ,  t h e  l e v e l  o f  elf- 
e m i t t i n g  im p u r i ty  i n  s -nec t ro g ra -nh ica l ly  o u re  m a t e r i a l s  i s  
s u f f i c i e n t l y  l a r g e  to  be ( rou b le so m e .  The l e v e l  h a s  been  
me G s u r  ed t o  be l e s s  t h a n  one p a r t  i n  t e n  m i l l i o n  f o r  ty^^ ica l  
m a t e r i a l s .  (See C h a p t e r  3 S e c t i o n  3 *3) When a p p l i c a t i o n  o f  
t h i s  me thod t o  th e  l o n g e r - l i v e d  i s o t o p e s  i s  c o n s i d e r e d ,  t h e n  
th e  t a i l s  o f  p e a k s  cau sed  by i m p u r i ty  a c t i v i t y  c o u ld  be 
s u f f i c i e n t  t o  cor-»^letely ob scu re  low e r  e n e rg y  a c t i v i t i e s .  
P h o t o g r a p h i c  em u ls io n  me thods a r e  b e t t e r  from t h i s  a s p e c t  s in c e  
source  s e l f - a b s o r p t i o n  i s  v e ry  sm a l l  and t h e r e  i s  p r a c t i c a l l y  
no low e n e rg y  d i s t r i b u t i o n  t o  t h e  p e a k s .  However, e v a p o r a t i o n  
o f  th e  s o u rc e  m a t e r i a l  on to  l a r g e  a r e a s  o f  t h e  p r o p o r t i o n a l  
c o u n t e r  c a t  ode would g ive  t l  i n  s o u rc e s  ( ^ lOu-gm) and s t i l l  
p e rm i t  q u a n t i t i e s  o f 5^ m.g.m. t o  b e  u s e d .  T h is  would 
d i r e c t l y  be c o m p e t i t i v e  w i th  n u c l e a r  e m u ls io n  t e c h n i q u e s .
—103““
An a t t e m p t  was made t o  d e t e c t  t h e  a lp h a  r e d l a t l o n  from
Nd-144 u s in g  th e  t e c h n i q u e s  f o r  th e  samarium i n v e s t i g a t i o n
1^b u t  on ly  an uppe r  l i m i t  o f  ^  5 x 10 y e a r s  c o u ld  be  o b t a i n e d
b e c a u s e  o f  th e  i m p u r i t y  l e v e l .  T h i s  r e s u l t  i s  i n  d isa g r e e m e n t
w i th  t h a t  o f  Waldron e t  a l^^^^  and i s  b o r d e r i n g  on t h e  h a l f -
l i f e  q u o te d  by P o rs c h e n  and R e i z l e r .
(•22)S e n f t l e ' - ^ -  e t  a l  have f a i l e d  t o  o b s e rv e  d k - a c t i v i t y  from 
Oe-142. The lo w e r  l i m i t  o f  10^^ y e a r s  i s  i n  d is a g r e e m e n t  w i th  
R e i z l e r  and Kauw^^^^. On c o n s u l t i n g  T ab le  I I  i t  i s  a p p a r e n t  
t h a t ,  %?ith th e  e x c e p t i o n  o f  üm—147 wh ich i s  w e l l  known and 
th e  r e s u l t s  on Pb-2 0 4  and l t - 1 9 0 ,  t h e r e  i s  e i t h e r  d i r e c t  
d is a g r e e m e n t  o r  t h e  h a l f - l i v e s  a r e  u ncon f i rm ed .  F u r t h e r ,  
R a s m u s s e n ( 34) i n  h i s  c a l c u l a t i o n  f o r  a lp h a  decay b a r r i e r  
p e n e t r a b i l i t i e s  f i n d s  th e  r e s u l t s  f o r  p l a t i n u m  to  be  so 
anoma lous  a s  t o  c a s t  doub t  on t h e  e x p e r i m e n t a l  d a t a .
I n  v iew o f  t h e  u n c e r t a i n t y  i n  t h e  d a t a ,  and t h e  d an g e r  o f  
th e  n a t u r a l  uran ium  and th o r iu m  a lp h a  a c t i v i t i e s  b e i n g  p r e s e n t ,  
a co m p le te  r e - i n v e s t i g ^ t l i ^ n  o f  t h e s e  a c t i v i t i e s  i s  m e r i t e d .
TA>BLdî I .
P r g d l c t B l  P ls ln t e j^ rg t io T i  iCnerg.v f o r  S - s t a b l e  N a t u r a l l y  
O cct tr r lO ls ln te i l t - t f^ r j i  anon/t th e  ;nedi.mn-hgaYy i^lemefltE
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a energy  MeV
1 .6 0 2
2 .3 6 7
1 .3 0 40 .44 2
2 .38 5
1 .9531 .5231 .0 92
0 .23 3
1 .4 1 9
I M0 .0 2 0
0 .6 5 50 .0 8 2
1 .5881 .1 6 1
0 .9 4 50 .7 33
2 .0 8 9
1 .6 6 1
1 .4 4 8
1.2331 .019
0 .8 0 6
0 .3 7 7
1 .2 67
2 .1 6 2  
1 .7 3 4  1 .5 2 0  
1 .3 0 6
0 .8 7 7
E lemen t





































1 .8 0 6
1 .5921 .3 8 0
0 .9 5 0
1 .8 43
2 .7352 .093
I M1 .4521 .0 42
1 .9 1 4
2 .8 0 6
2 .3 7 91 .9 50
1 .7 371 .5 221.0951 .988
2.8792 .4 5 2
2 .2 3 72 .0 2 4
1 .811
1 .5 9 6
1 .1 6 7
2 .0 6 28.5282 .0 9 81.8821 .6 7 0
TA]^LE I I
Method
Sum a ry  o f  E T re r i tn e n ta l  ReBiiltH,
Y ears  
Ge -  142
! •  N u c le a r  E m uls ion  I . 5  
2 . N u c le a r  Em uls ion  —




Nd -  144
1 . N u clea r  E m uls ion  I . 9  2 x 10^^
2 . N u c le a r  Ki u l s i o n  1 .8 5 X  1 0 ^ 5
am -  147
1 . N u c le a r  E m uls ion  2 .1 2  t  0 . 0 ^ -
2 , N u c le a r  Em uls ion 2 ,2 9  •
3 « N u c le a r  E m uls ion  2 . l 8 t  Ü.14 /*ir ^ oo3»«/o*‘
4. G r id l e d  Io n  Chamber
5 .  C a l i b r a t e d  G r idded  Io n  Chamber
6 .  4 p r o p o r t i o n a l  c o u n t e r
2 . 1 9 +  0 .0 1
2 . 2 0 t  0 .0 3
11
1. N u c le a r  E m uls ion  I . 7
1 . N u c le a r  Em uls ion
1. N uclea r  E m uls ion  2 ,5
1 . 1 4 t  0 .0 5
X 10^^
1 . 2 5 t  0 .0 6
X 10
Od -  152
9 . 6  X  10 




Hf -  174
R e fe re n c e
( 2 8 )W, R i e z l e r  and G. Kauw
F.K, S e n f t l e ,  T.W, S te rn  
V .P .  A lenka ( 3 2 ) .
E.O. Waldron, V.A. ^?r;) 
U chu l tz  end T .P ,  Kolnnan
VV, To rse  hen and VV. 
R i e z l e r  ( 2 6 , 2/ ) .
D. Ü z t e in s z n a i d e r ( 18)
4 .4  X 1015
G. H in s c h b e rg e r ,  A. S t a r l i n g  and G.Ambros ino ( i q ) .
(20i.G.E. L e s l i e
A,A. V o robe r ,  A. Kosne r ,  V.A. K o ro lev .  G.E.S o ly a k in  ( 2 1 ) .
( 22 ) .M. K a r r a s , I:. Nurmis*
G. Beard and M.L. W iedenback (23) . .See e l  1-0 E. P i c c i o t t o 4 /
(30)W. R i e z l e r  and G. Kauw
(29)VV. R i e z l e r  and G. Kau^
(3 0 -W. R i e z l e r  and Q. Kauw
Method MeV
TABLa I I  (O on t lnued)  
Y ea rs R e fe ren ce
GdWo^ and OaWo^
s c i n t i l l a t i o nc o u n t in g
N u c le a r  iânulBion 3 .0
P t  -  190
N u c le a r  Emuls ion 3*3 
N u c le a r  Emuls ion 3-3
N u c le a r  Em uls ion 2 .6
N u c le a r  Emuls ion 
N u c le a r  'Emulsion 2 .6
P t  -  192
Pb -  204
T u n g s t en  ^ 1 8 0  • . v
17 (33)> 8K X 10 ' Q.B. Beard and T».H. K e l ly  
where K» ihfel abundance o f  t h e  I so to r ie .
=• 2. ? K X 10^^ W, P o r s c h e n  and V,’,
y e a r s
115 .9  X 10
9 . 6  X 10^^
1015
> 7 X 10
1 . 4  X 10^7
16
R i e z l e r  ( 2 7 ) .
Th. Mayer -  Kuokuk ( 3 1 ) .(2 6 ,2 7 ) ,W. P o rsc h e n ,  W. R i e z l e r
(27) .VV. P o rsc h e n ,  w, R i e z l e r
T .P .  Koliman ( 1 7 ) .
(29)W. R i e z l e r  and G. Kauw
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Chan ter 6.
F u tu re  "Ork.
I t  I s  a p n a r e n t  t h a t  In  e l l  c a s e s ,  w i t h o u t  e x c e p t i o n ,
s e r i o u s  l i m i t a t i o n s  on th e  s e n s i t i v i t y  o f  t h e  e x p e r im e n t a l
a r ra n g e m e n ts  a r e  c a u sed  by th e  l e v e l  o f  n a t u r a l  u ran ium , th o r iu m
and a c t i n i u m  i m n u r i t i e s  i n  th e  so u rc e  m a t e r i a l .  I n  f u t u r e
work, t h e r e f o r e  n a r t i c u l a r  a t t e n t i o n  sh o u ld  be g iv e n  t o
remov ing th e  U-Th-Ac grou-n pnd t h e i r  a c t i v e  decay P r o d u c t s .
(See C h a n t e r  3 ’The H a l f - L i f e  o f  V -50’ ' î ^ - s n e c t r a .  )
R e f e r r i n g  t o  th e  t a b l e  o f  t r i p l e  and do ub le  i s o b a r s  i n
C h a n t e r  1 end c o n s i d e r i n g  th e  r e s u l t s  d e s c r i b e d  i n  t h i s  t h e s i s
we see t h a t  th e  t i  e o r e t i c a l  n r e d i c t i o n s  r e g a r d i n g  s t a b i l i t y
have b e e n  f u l f i l l e d  w i t h  th e  e x c e n t i o n  o f  t h e  C d-In -113  n a i r
and T a - ] 80. C a l c u l a t i o n  sho’7S t h a t  Cd-1 1 3 , i f  t h e  a c t i v e
member o f  th e  p a i r ,  shou ld  hi t^ve a h a l f - l i f e  f o r  ^ - é m i s s i o n  
16>6 X 10 ^ ye 1rs i . e .  above th e  s e n s i t i v i t y  o f  th e  pee  s e n t  
eq u ip m en t .  An o r d e r  o f  m agn i tude  imnrovemen t  i n  t h e  i m n u r i ty  
l e v e l  " i l l  a lm o s t  c e r t a i n l y  p e r m i t  o b s e r v a t i o n  o f  th e  decay .  
S i m i l a r  p u r i t y  l e v e l s  would be r e q u i r e d  f o r  t h e  *b lank* e lem en t  
u sed  a s  a backg round .  An a l t e r n a t i v e  would be  t o  o b t a i n  
gram q u a n t i t i e s  o f  e l e c t r o  m a g n e t i c a l l y  e n r i c h e d  i s o t o n e s .
T l i s  would e n s u re  a v e ry  h igh  d e g r e e  o f  p a r i t y  b u t  such l a r g e  
q u a n t i t i e s  a r e  no t  a v a i l a b l e  a t  -n resen t  a l t h o u g h  may be i n  th e  
f u t u r e .  A f a c t o r  o f  t e n  I n c r e a s e  i n  s e n s i t i v i t y  would be 
a t t a i n a b l e  i f  t h i s  were th e  c a s e .  On t h e  o t h e r  hand, i f  In-113  
were th e  a c t i v e  i s o t o n e  th e n  a I v i l f - l i f e  > 10 ^ y e a r s  can  b e /
/ b e  e x p e c t e d  wh ich i s  o u tw i th  th e  bounds o f  d e t e c t i o n  w i t h
p r e s e n t  equ ipm en t .  I n  a d d i t i o n  s e p a r a t e d  i s o t o p e s  would be
r e q u i r e d  s in c e  In -1 1 5  has  a r e l a t i v e l y  l a r g e 3 - a c t i v i t y  wh ich
would o b scu re  any x - r a y  s r e c t ru m .  C o r r e c t i o n s  would a l s o  be
r e q u i r e d  f o r  th e  x - r a d i a t i o n  in d u c e d  by a b s o r p t i o n  o f  t h e 3 - r a y s
i n  t h e  so u rc e .  I f  a gaseou s  form o f  ind ium  can  be found th e n
u se  o f  t h e  m u l t i - w i r e  c o u n t e r ( ^ )  would g r e a t l y  enhance  t h e
p o s s i b i l i t y  o f  d e t e c t i o n  f o r  a) t h e  backg rou nd  would bo e x t r e m e ly
low and b) g e n e r a t i o n  o f  x - r a y s  by bombardment e i t h e r  w i t h  01, 3
r a d i a t i o n  from i m p u r i t i e s  o r  th e  In -115  r a d i a t i o n  o r  by coeibIo
r a d i a t i o n  would be removed by t h e  i n t e r n a l  a n t i - c o i n c i d e n c e
d e v i c e  o r  th e  4 TV geome try  w o i ld  i n t e g r a t e  t h e  spec t rum  and
c a r r y  any c o in c id e n c e  x - r a y s  t o  h i g h e r  e n e r g i e s .  Buch a sys tem
18would e n a b l e  h a l f - l i v e s  o f  10 y e a r s  t o  be  m easured p ro v id e d  
th e  s e l e c t e d  gas  so u rce  i s  n o n - e l e c t r o n  a t t a c h i n g .  T h i s  l a t t e r  
r e q u i r e m e n t  may p rove  th e  ma in d i f f i c u l t y .
Ta-lBo was no t  examined i n  t h i s  s e r i e s  o f  e x r e r i r a e n t s  a s  
i t s  e x i s t a n c e  was on ly  d i s c o v e r e d  d u r in g  th e  work. I t  i s
i n t e n d e d  t o  s e a r c h  f o r  Y - a c t i v i t y  w i th  th e  l a r g e  9** (T l )
- r a y  s p e c t r o m e te r  i n  th e  n e a r  f u t u r e .  An o r d e r  o f  m agn i tude  
a t  l e a s t ,  shou ld  be a t t a i n a b l e  o v e r  th e  10^3 y e a r  uppe r  l i m i t
( 12)a l r e a d y  r e p o r t e d '  .
The e l e c t r o n - c a p t u r e ,  3 - b r a n c h i n g  r a t i o  f o r  La-138 i s  
w o r th  r e -m e a s u r in g  a s  r e s u l t s  a r e  no t  i n  s u f f i c i e n t l y  good 
a g reem en t .  With t h e  developmen t  o f  l a r g e  c r y s t a l s  i n  t h e  p a s t
few y e a r s  s p e c t r a  f r e e  from Compton e l e c t r o n  d i s t r i b u t i o n /
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/ d l s t r l b u t l o n  would be o b t a i n e d .  T h is  would s i m p l i f y  c a l i b r a t l m  
and p e r m i t  l a r g e  so u rc e  a r e a s  t o  g iv e  a h ig h  coun t  r a t e  w i th o u t  
s e l f - a b s o r p t i o n  c o r r e c t i o n s .  The a v a i l a b i l i t y  o f  b e r y l l i u m  -  
windowed Nal c r y s t a l s  would p e r m i t  e a sy  x - r a y  -  Y - r a y  c o in c id e n c e  
e x p e r im e n ts  t o  f i n d  t h e  K e l e c t r o n  c a p t u r e  h a l f - l i f e  wh ich sh o u ld  
c o r r e s p o n d  t o  t h a t  o b t a in e d  ^ i t h  th e  d i r e c t  g^-xpeasurenen t .
F u r t h e r  work i s  r e q u i r e d  on t h e  3 b r a n c h  w) i c h  i s  o f  low 
i n t e n s i t y  b ec au se  of so u rce  a b s o r p t i o n .  An e v a p o r a t e d  source  
o v e r  a l a r g e  a r e a  p r o p o r t i o n a l  c o u n t e r  may h e lp  a l t h o u g h  
c o r r e c t i o n  f o r  x - r a y  d e t e c t i o n  would be r e q u i r e d  i f  m ea su r in g  
th e  s p e c i f i c  Î  a c t i v i t y .  An a c c u r a t e  e n d - p o in t  en e rg y  shou ld  
be o b t a i n e d  by t h i s  method.
The decay scheme o f  Lu-1 /6  i s  no t  y e t  c e r t a i n  a s  th e  h a l f -  
l i v e s  m easured by 3 - e m i s s i o n  and by t h e  2 f-reye  a r e  no t  i n  good 
ag reem en t .  There i s  some doub t  about  th e  e x i s t e n c e  o f  an 
e l e c t r o n - c a p t u r e  b r a n c h  wh ich i s  w o r th  f u r t h e r  I n v e s t i g a t i o n  to  
o b t a i n  a b r a n c h in g  r a t i o .
A p p l i c a t i o n  o f  t h e  l a r g e  c r y s t a l V - r a y  s p e c t r o m e te r  t o  th e  
h a l f - l i f e  measuremen t  o f  V-50 p r o v i d e s  a v e ry  s e n s i t i v e  
t e c h n i q u e .  R e -e x a m in a t io n  o f  t h e  s r e c t ru m  u s in g  a much p u r e r  
so u rce  sh o u ld  y i e l d  a c o n c l u s iv e  answe r  and p e r m i t  an  a c t u a l  
d e te rm ina  t i o n  o f  t h e  2T-ray e n e r g i e s  wh ich have so f a r  b een  
im'Tlied from n e ig h b o u r in g  decay schemes. The ex p e r im e n t  
d e s c r i b e d  In  C h a r t e r  3 ^yas a l s o  hand icapped  s l i g h t l y  by th e  
p r e s e n c e  o f  C0-60 im-^urity .
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A v e ry  r e c e n t  p u b l i c a t i o n  on thm h a l f - l i f e  and maximum 
e n e rg y  o f  In -1 1 5  h a G r a i s e d  some doub t  abou t  t h e  l a t t e r  v a lu e .  
The work d e s c r i b e d  i n  t h i s  t h e s i s  seemed c o n c l u s i v e  i n  t h a t  th e  
maximum 3 ene rgy  o f  4^0 t  20 Kev ^ave a good f i t  w i t h  t h e o r y  
and a g r e e d  w i th  e x p e r im e n ts  on t h e  m e t a s t a b l e  s t a t e  ( 4 )  ^ Beard 
and K e l l y ^ ^ ^ , however,  have c o n f i rm e d  t h e  h a l f - l i f e  a t  
6 .9  ±: 1 .5  ^ 10 "^^  y e a r s  and o b t a i n e d  S ,5 5 0 .6 2 5  t  O.O7 Mev wh ich U 
i n  good ag reem en t  w i t h  L i b b y 's  v a lu e  o f  O.63 -  O.O3 Mev o b t a in e d  
by a b s o r p t i o n  m e thods and d i s a g r e e s  w i t h  t h e  above r e s u l t s .
The l a r g e  e r r o r  i n  t h e  new r e s u l t  i s  c a u s e d  by th e  d i f f i c u l t y  
i n  c a l i b r a t i n g  th e  l i q u i d  s c i n t i l l a t o r s  u sed .  In  v iew o f  t h i s  
l a r g e  d i s c r e p a n c y  a f u r t h e r  in d ep en d en t  measuremen t  o f  th e  
e n e rg y  1 s d e s i r a b l e .
A p p a r e n t ly  c o n c l u s i v e  r e s u l t s  were found  f o r  t h e  h a l f - l i f e  
o f  Te-123 by f o u r  d i f f e r e n t  e x w i m e n t s .  The l a r g e  l o g  f t  v a l u e ,  
however,  would i n d i c a t e  a t h i r d  f o r b i d d e n  t r a n s i t i o n  where  as  a 
second f o r b i d d e n  t r a n s i t i o n  i s  p r e d i c t e d .  Here,  a g a i n ,  source  
p u r i t y  p ro ved  a h an d ic a p  and a check  e x p e r im e n t  would b e  w o r th  
w h i l e .
Re-187 i s  un ique  b ec au se  o f  t h e  v e ry  low d i s i n t e g r a t i o n  
en e rg y  ( 1 .2  Kev), Because o f  t h i s ^ s o u r c e  a b s o r p t i o n  was very  
l a r g e  and p r e v e n t e d  an a c c u r a t e  h a l f - l i f e  measurem en t .  Rhenium 
can  be o b t a i n e d  i n  th e  form o f  a v o l a t i l e  compound, hence an 
a c c u r a t e  h a l f - l i f e  sh o u ld  be a t t a i n a b l e  u s i n g  th e  s o u rc e  i n  vapoui 
for:  . T h is  i s o t o p e  i s  e s p e c i a l l y  i n t t ^ r e s t i n g  b e c a u s e  o f  i t s
a p p l i c a t i o n  to  geoch rono lofyy.
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The p r o p o r t i o n a l  c o u n t e r  method o f  d e t e c t i n g  v e r y  low 
s p e c i f i c  a c t i v i t y X - e m i t t e r s  i s  v e r y  p ro m i s in g .  The d i f f i c u l t y  
o f  o b t a i n i n g  p u re  s o u rc e s  i s  once a g a in  t h e  l i m i t i n g  f a c t o r  and 
i f  low e r  im p u r i ty  l e v e l s  can  be a t t a i n e d ,  t h e  f i e l d  i s  w ide 
open f o r  an i n v e s t i g a t i o n  o f  th e  e x p e c t e d  n a t u r a l X - e m i t t e r s  
l i s t e d  i n  C h ap t e r  5 T ab le  I .  Upper l i m i t s  o f  10^^^ y e a r s  a re  
e n v i s a g e d .
Double -dece,v.
An im p o r t a n t  a p p l i c a t i o n  o f  low backg round  c o in c id e n c e  
c o u n t in g  t e c h n i q u e s  i s  t l ie s tu d y  o f  doub le  b e t a  d ec ay .  T h i s  
i o  a s p e c i a l  ty p e  o f  very  l o n g - l i v e d  r a d i o a c t i v i t y  p r e d i c t e d  
by b e t a  decay t h e o r y  i n  wh ich a n u c l i d e  d ec ay s  by t h e  e m i s s io n  
o f  two t i m e - c o i n c i d e n t  b e t a  p a r t i c l e s ,  t h e r e b y  I n c r e a s i n g  i n  
a tomic number by two u n i t s .  The p r o b a b i l i t y  o f  t h e  phenomena 
i o  dependen t  on t h e  square  o f  th e  second o r d e r  t e rm s  i n  th e  
m a t r ix  e le m e n t ,  t h e  f i r s t  o r d e r  t e rm s  b e i n g  v a n i s h i n g l y  sm a l l  
80 t h a t  s i n g l e  b e t a  decay w i l l  no t  o c c u r .  Two t y p e s  o f  doub le  
b e t a  e m i s s i o n  a r e  p e r m i t t e d  by t h e  g e n e r a l  n u c l e a r - l e n t o n  
H am i l to n ia n .  I n  t h e  f i r s t  two neutidnce a r e  e m i t t e d  
s im u l t a n e o u s ly  w i t h  two e l e c t r o n s  and i n  t h e  second no n e u t r o n s  
a r e  e m i t t e d .
B e fo re  th e  d i s c o v e r y  o f  p a r i t y  n o n - c o n s e r v a t i o n ^ ^ ^ , doub le  
b e t a  decay p r o v id e d  a p o s s i b l e  e x p e r im e n t a l  t e s t  t o  d e c id e  
w h e the r  t h e  n e u t r i n o  i s  a sy m m etr ica l  p a r t i c l e  e x i s t i n g  i n  o n ly  
one form  ( i . e .  a M ajo rana  p a r t i c l e )  o r  a D i ra c  p a r t i c l e  i c h
c o u ld  o c c u r  i n  two forms  e i t h e r  a s  a n e u t r in o ( i ) )  o r  a s  a q /
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/ a n  a n t l -n e u tr ln o  (^) analogous to tT\e e l e c t r o n  and p o s i t io n  
r e s p e c t lv e ly .  I f  the neutrino  i s  a D irac p a r t i c l e  then  two 
a n t i - n e u t r in o G must be em itted  a lon g  w ith  the two e l e c t r o n s
i . e .  2n-w  2p -f- 2e  ^ 2 
Majorana, on th e  o th er  hand, su g g e s ts  th a t  th ere  are only  
two s t a t e s  fo r  a g iv e n  moment urns o f  the n eu tr in o  corres^^onding 
to  th e  two ' p o s s i b i l i t i e s  o f  the sn in . In t h i s  ca se  th e  
n eu tr in o  can be e i t h e r  em itted  or absorbed in  the b eta  decay 
p r o c e s s .
i . e .  n^-» + e ,  -kV+" Hg Pg -4- 6pg i v i n g  2n“- ^ 2 p  -h 2e - ,  . ^
I t  fo l lo "  8 t h r t  in  1 th ere  w i l l  be a con tin u ou s energy
spectrum w ith  a max Imam energy s: i . e .  th e  t o t a l  maximum k in e t i c
energy o f  the b eta  p a r t i c l e s  and from 2 th e  s'nectrun w i l l  have
a sh a rp  peak  a t  i . e .  a c o n s t a n t .o
The Majorana theory p r e d ic t s  a h a l f - l i f e  in  the re g io n  
1^ 1Ô10 ^ -  10 y e a r s  f o r  th e  t r a n s i t i o n  w h e r ea s  th e  Dirac t h e o r y  
e x p e c t s  t h e  h a l f - l i f e  t o  be ab o u t  10^^  y e a r s .  A m easure  o f  t h e  
en e rg y  spectrum o r  t h e  h a l f - l i f e  would t h e r e f o r e  g iv e  a c l e a r - c u t  
answe r  on t h e  n a t u r e  o f  th e  n e u t r i n o .
Many a t t e m p t s  were made to  d e t e c t  th e  '•Phenomena u s in g  
v a r i o u s  me thods e . g .  g e o l o g i c a l ,  c lo u d  cham be rs ,  s c i n t i l l a t i o n  
c o u n t i n g  and p h o t o g r a p h i c  e m u ls io n s .  These a r e  f u l l y  sum a r i s e d  
by P r i raa k o f f  and Rosen^®^. I n  most o f  t h e  e x p e r im e n ts  on ly  
low e r  l i m i t s  were P la c e d  on th e  h a l f - l i f e  and In  c a s e s  where 
d oub le  b e t a  decay was c la im ed  t o  have b e e n  o b se rv e d  have s i n c e /
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(9)/ s i n c e  b e e n  d i s c o u n t e d  e x c e p t  t h e  work o f  Ingh ram and R eyno lds  
who ma le  an i s o t o n i c  a n a l y s i s  o f  xenon e x t r a c t e d  from 
g e o l o g i c a l l y  o ld  t e l l u r i u m  o r e s .  Excess  xenon abundances  were 
found f o r  most o f  t h e  i s o t o p e s  and a t t r i b u t e d  t o  (n,Y) r e a c t i o n s  
on th e  Te i s o t o p e s .  however, t h e r e  was a  r e s i d u a l  e x c e s s  f o r
Xe-130 w h ich  was a t t r i b u t e d  t o  d oub le  b e t a  decay i n  T e-13 0 .
PTThe h a l f - l i f e  i s  q u o te d  a t  1 .4  x 10 *^^  y e a r s  w h ich  comes abou t  
mid-way be tw een  t h e  two t h e o r e t i c a l  p r e d i c t i o n s  and s h o u ld  r u l e  
ou t  t h e  p o s s i b i l i t y  o f  t h e  n e u t r i n o  b e i n g  a Majorana p a r t i c l e .
However w i t h  t h e  d is c o v e r y  o f  r a r i t y  n o n - c o n s e r v a t i o n ,  i t  
was a t  f i r s t  th o u g h t  t h a t  th e  I n t e r m e d i a t e  l e r t o n  would no t  be 
ab s o rb e d  by t h e  second n e u t r o n  b e c a u se  i t  would have th e  wrong 
l o n g i t u d i n a l  Txiarlz a t i  on and n e u t r i n o l e s s  doub le  b e t a  decay 
c o u ld  no t  o c c u r , Janouch^^^^ m o d i f i e s  t h i s  v iew by p o i n t i n g  
but  t h a t  th e  i n t e r a c t i o n  c o n s t a n t s  i n  th e  H a m i l to n ia n  may no t  
be e q u a l  ( i f  e q u a l  doub le  b e t a  decay would l»e im p o s s ib l e )  and 
c o u ld  d i f f e r  by lO-POjt a s  th e  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  
t h e s e  c o n s t a n t s  i s  o b t a i n e d  by m ea su r in g  t h e  l o n g i t u d i n a l  
p o l a r i z a t i o n  o f  t h e  e l e c t r o n s ,  o r  th e  c i r c u l a r  p o l a r i z a t i o n  o f  
th e  y - r a y B  e m i t t e d  by th e  e^^c i ted p ro d u c t  n u c le u s ,  w h ich  i s  on ly  
a c c u r a t e  t o  t h i s  amoun t .  Hence n e u t r i n o l e s s  doub le  b e t a  decay 
may s t i l l  be p o s s i b l e  s in c e  th e  second o r d e r  m a t r i x  e lem en t  
do<^ "S no t  v a n i s h .  C a l c u l a t i o n s  f o r  t h e  h a l f - l i f e  o f  Ga-48, on 
t h i s  b a s i s  y i e l d  a r e s u l t  o f  T^ i  2 x 10^9 y e a r s .  I t  i s  a l s o  
shown t h a t  s in c e  t h e  p o s s i b l e  o c c u r r e n c e  o f  sm a l l  a d m i x tu r e s
o f  S c a l a r  and T en so r  I n t e r a c t i o n s  w i th  t h e  V e c to r  and A x i a l - /
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/ A x l a l - V e c t o r  i n t e r a c t i o n s  has  n o t  b e e n  d i s p r o v e d  e n t i r e l y  t h e n
n e u t r i n o l e s s  do u b le  b e t a  decay ca n  o c c u r .  I n  t h i s  c a s e  Ga-48
22would have 2 x 1 0 “ y e a r s .  The exne r i m e n t a l  e v id e n c e  does
no t  ex c lu d e  t h e s e  p o s s i b i l i t i e s .
P r i raak o ff  and Rosen i n t e r p r e t  th e  g e n e r a l  e m e  r im e n t  s i
ev id e n c e  a s  f a v o u r i n g  tw o - n e u t r in o  doub le  b e t a  d ec ay .  I f
n e u t r i n o l e s s  decay o c c u r s  t h e n  th e  p r i n c i p l e  o f  t h e  c o n s e r v a t i o n
o f  l e p t o n  cha rg e  i s  v i o l a t e d  and t h e  n e u t r i n o  i s  a M ajo rana
p a r t i c l e .  I f  tw o - n e u t r in o  decay o e e u r s  t h e n  p a r i t y  non-conse rva i
t i o n  c r e a t e s  two p o s s i b i l i t i e s  l )  The t o t a l  l e n t o n  c h a rg e  i s
c o n s e rv e d  and th e  n e u t r i n o  i s  a D i r a c  p a r t i c l e ,  o r  2 ) The t o t a l
l e p t o n  cha rge  i s  no t  co n se rv ed  and th e  n e u t r i n o  i s  a  Majo rana
p a r t i c l e  b u t  t h e  n u c leo n -J .ep to n  i n t e r a c t i o n  must  have a two-
componen t ' n e u t r i n o '  ty p e  c o u p l i n g .  The am b ig u i ty  be tw een
t h e s e  two c a s e s  makes i t  im p o s s ib l e  t o  d e c id e  w h e th e r -o  i g  a
M ajo rana o r  D i rac  l e p t o n  and w h e th e r  t h e  t o t a l  l e p t o n  ’ c h a r g e '(12)i s  o r  i s  n o t ,  c o n s e rv e d .  Rosen h as  fo l lo w e d  t h i s  outcome 
by c o n s i d e r i n g  th e  r e l a t i o n  b e tw een  t h e  c o n s e r v a t i o n  o f  l e p t o n  
' c h a r g e '  a n i  th e  shape o f  tdie spec I rum. He d e s c r i b e s  con­
d i t i o n s  u n de r  wh ich c e r t a i n  v a l u e s  o f  t h e  c o u p l in g  c o n s t a n t s  w i l l  
y i e l d  ro u g h ly  eou'^l P r o b a b i l i t i e s  f o r  th e  o c c u r re n c e  o f  no­
n e u t r i n o  and tw o - n e u t r in o  doub le  b e t a  decay- and i n  w h i ch  th e  
e l e c t r o n - c o i n c i d e n c Q  snec trura  - i l l  have a b ro a d  peak  a t  ^  Sq 
w i t h  a sha rp  peak  a t  a l s o .  Under t h e s e  c o n d i t i o n s  1 . s .  
t h a t  p a r i t y  n o n - c o n s e r v a t i o n  i s  non-max imal,  c a r e f u l  s tu d y  o f
th e  BTiectrum o f fe r s  a t e s t  f o r  l e p t o n  ' c h a r g e '  c o n s e r v a t i o n .
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I t  I s  a p p a r e n t ,  t h e r e f o r e ,  t h a t  I n  f u t u r e  work i n  d o ub le
b e t a  decay any ex p e r im e n t  muot be c a p a b l e  o f  m ea su r in g  h a l f - l i v e s
20o f  t h e  o r d e r  10 y e a r s ,  i . e .  a f a c t o r  o f  a t  l e a s t  100 improvemen t  
on p r e s e n t  t e c h n i q u e s ,  and i t  i s  e x t r e m e ly  d e s i r a b l e  t h a t  th e  
spec t rum  shou ld  a l s o  be o b s e rv e d .  At p r e s e n t ,  o n ly  g e o l o g i c a l  
methods c o u ld  hope t o  d e t e c t  such  lo n g  h a l f - l i v e s  b u t  have t h e  
d i s a d v a n t a g e  o f  n o t  r e v e a l i n g  t h e  ene rgy  spec t rum .
To p r o v id e  t h e  d a t a  i n  a r e a s o n a b l e  t im e  p e r i o d  (<1 y e a r )  
c o u n t i n g  me thods would r e q u i r e d  a so urce  o f  s e v e r a l  grams o f  
e n r i c h e d  m a t e r i a l ,  w h ich  c o u ld  be mounted i n  a manner p r e v e n t i n g  
s e r i o u s  so urce  a b s o r p t i o n .  O o in c i l e n c e  t e c h n i q u e s  would be 
n e c e s s a r y  to  keen th e  backg round  a t  a minimum. Such an  
e:(per im e n t  a p p e a r s  i m p r a c t i c a b l e  a t  th e  p r e s e n t  t im e .
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 ^ ABSTRA.CT UP THESIS
" TUB RADIQAOTIVITY OP NATURALLY 0CCURRIW6 ISOTOPES WITH Z <  8 2 ”
SUBIÆLTTED FOR THE DEGREE OP Ph.D . BY 
D.E. WATT
T h is  t h e s i s  d e s c r i b e s  t h e  t e c h n i q u e s  u s e d  and t h e  
r e s u l t s  o b t a i n e d  i n  a  s e a r c h  f o r  t h e  l o n g - l i v e d  n a t u r a l l y  
o c c u r r i n g  r a d i o a c t i v e  i s o t o p e s  w i t h  a t o m ic  number <  82 and 
e x c lu d e s  t h e  u ra n iu m ,  th o r iu m  and a c t i n i u m  s e r i e s .
C o n s i d e r a t i o n  o f  n u c l e a r  e n e r g i e s  and s t a b i l i t y  
c h a r a c t e r i s t i c s  l e a d  to  t h e  c o n c l u s i o n  t h a t  i n  c a s e s  where 
t h r e e  n e i g h b o u r i n g  i s o b a r s ,  o r  a  d o u b l e  i s o b a r ,  o c c u r  i n  
n a t u r e  t h e n  t h e  odd-odd  member o f  t h e  t r i p l e  i s o b a r  and one 
member o f  t h e  d ou b le  i s o b a r  mus t  be r a d i o a c t i v e .  S in c e  
t h e s e  n u c l i d e s  a r e  e x p e c t e d  t o  have v e r y  lo n g  h a l f - l i v e s ,  
g r e a t e r  t h a n  t h e  age  o f  t h e  e a r t h ,  h i g h l y  s e n s i t i v e  d e t e c t i o n  
t e c h n i q u e s ,  c a p a b l e  o f  m e a s u r in g  low s p e c i f i c  a c t i v i t i e s  a r e  
n e c e s s a r y .
The n a t u r e  o f  t h e  cosm ic  r a d i a t i o n  i s  c o n s i d e r e d  
i n  a  fu n d a m e n ta l  a p p ro a c h  to  t h e  form o f  s h i e l d i n g  r e q u i r e d  
to  p ro d u ce  th e  op timum c o n d i t i o n s  f o r  low backg round  c o u n t i n g .  
C o n t r i b u t i n g  f a c t o r s ,  o f  a  s e c o n d a ry  n a t u r e ,  t o  t h e  backg rou nd  
c o u n t in g  r a t e  i n  p i o p o r t i o n a l  and s c i n t i l l a t i o n  c o u n t e r s  a r e  
d i s c u s s e d  and s u g g e s t i o n s  a r e  g iv e n  on how t h e s e  can  be removed 
A backg round  o f  0 .3 3  c o u n t s / m i n / l i t r e , above 500 eV, a t  one 
a tm o sp he re  p r e s s u r e ,  was o b t a i n e d  f o r  a  v / a l l - l e s s  p r o p o r t i o n a l  
c o u n t e r  /
-  2 -
c o u n t e r  w i t h  an  a r ran g em en t  u s i n g  b o ro n - l o a d e d  p a r a f f i n  
wax i n s i d e  a  low backg round  l a b o r a t o r y .  I t  i s  co n c lu d e d  
t h a t  t h i s  r e s i d u a l  c o u n t  r a t e  i s  due to  T - r a d i a t i o n  and 
t h a t  i t  would be g r e a t l y  r e d u c e d  w i t h  a  more e f f i c i e n t  
Y- r a y  d e t e c t o r  i n  t h e  a n t i - c o i n c i d e n c e  sy s t e m .
The c h a r a c t e r i s t i c s  o f  an u nd e rg ro u n d  l a b o r a t o r y  
and o f  a  s p e c i a l l y  b u i l t  low -backg round  c e l l  a r e  d e s c r i b e d .
W i th  t h e  above e x p e r i m e n t a l  a r r a n g e m e n t s  a  s e a r c h  
was made f o r  n a t u r a l  r a d i o a c t i v e  s p e c i e s  w i t h  a t o m ic  
numbers be low 82 and d e t a i l e d  i n v e s t i g a t i o n s  were made 
o f  t h e  t r i p l e  i s o b a r s  (L a-1 5 8 j V-5 0 ; and Lu-1 7 6 ) and o f  
t h e  doub le  i s o b a r s  (C d - In -1 1 5 ; I n - S n - 1 1 5 î S b -T e -1 2 3 j
and R e-O s-1 8 7 )*
The e x i s t e n c e  o f  two Y - r a y s  a t  0 .8 1  -  0 .0 1  MeV 
and 1#44 -  0 .0 2  MeV i n  La-138  was c o n f i r m e d .  No a n n i h i l a t i o n  
q u a n t a  we re  o b s e r v e d .  C o in c id e n c e  s t u d i e s  show t h a t  t h e s e  
Y - r ay s  a r e  n o t  i n  c a s c a d e  b u t  t h a t  t h e  1 .4 4  MeV t r a n s i t i o n  
i s  i n  c o i n c i d e n c e  w i t h  t h e  e l e c t r o n  c a p t u r e  b r a n c h .  A 
p r e v i o u s l y  u n o b s e rv e d  p - r a y  w i t h  maximum e n e rg y  o f  
205 -  10 KeV was d e t e c t e d .  The p a r t i a l  h a l f - l i f e  o f  th e  
e l e c t r o n  c a p t u r e  b r a n c h  i s  found t o  be (1 .6 4  -  0 . 0 6 ) x 10^^ ye« 
Prom th e  p - r a y  s p e c i f i c  a c t i v i t y  t h e  h a l f - l i f e  i s  
(4 .1  -  0 .7  ) X 10^^  y e a r s  and from t h e  0 .8 1  MeV Y- r a y  i s  
(3*5 -  0 . 3 ) X 10^^ y e a r s .  A l o g  f t  v a l u e  o f  19 i s  c a l c u l a t e d  
f o r  t h e  p b r a n c h  i n d i c a t i n g  t h a t  t h e  t r a n s i t i o n  i s  3 rd
f o r b i d d e n .
-  5 -
Two e x p e r im e n ts  we re  c a r r i e d  out  on V-5 0 . I n  
th e  f i r s t  a  h a l f - l i f e  o f  ( 4 .0  -  1 . 1 )  x 10^^ y e a r s  was 
o b t a in e d  u s in g  a  two in c h  Nal c r y s t a l  t o  d e t e c t  t h e  Y - r a y s  
from a  samp le known to  c o n t a i n  th e  no rm al  amount o f  th e  
U ran ium-Tho r ium-Actin ixm s e r i e s ,  a s  i m p u r i t y .  L a t e r  a  
r e - i n v e s t i g a t i o n  o f  t h i s  i s o t o p e  u s in g  a  c o m b in a t io n  o f  a  
9 i n c h  X 6 i n c h  Nal c r y s t a l  w i t h  f i v e  k i lo g ram s  o f  
s p e c t r o g r a p h i c a l l y  pure  m a t e r i a l s ,  wh ich gave a f a c t o r  o f  
twen ty  i n c r e a s e  i n  s e n s i t i v i t y  o v e r  t h e  b e s t  o f  the  p r e v i o u s  
me thods, p roved  t h e  h a l f - l i f e  t o  be 1 . 8  -  0 .4  x 10^^ y e a r s  
f o r  n e g a t r o n  e m i s s i o n  and 9*6 -  1 .6  x 10^^ y e a r s  f o r  e l e c t r o n  
c a p t u r e .  I t  i s  shown t h a t  t h e  d e g r e e  t o  wh ich n a t u r a l  
uran ium  and th o r iu m  occur  i n  t h e  s o u rc e  m a t e r i a l  must be 
a c co u n ted  f o r  i n  th e  measuremen t  o f  v e r y  low s p e c i f i c  
a c t i v i t i e s .
The im p o r ta n c e  o f  c o r r e c t i n g  f o r  changes  i n  the  
n a t u r a l  backg round sp ec t ru m  sh ap e  cau sed  by t h e  d i f f e r e n t  
a b s o r p t i o n  f o r  t h e  cosm ic r a d i a t i o n  and l o c a l  r a d i o a c t i v i t y  
i n  th e  p r e s e n c e  o f  l a r g e  amoun ts o f  s o u rc e  m a t e r i a l  i s  
em phas ised .
A s e a r c h  was a ls o  u n d e r t a k e n  f o r  Y -ray s  o r  
c o n v e r s i o n  e l e c t r o n s  wh ich may be a s s o c i a t e d  w i t h  th e  e x p e c t e d ,  
b u t  so f a r  u n o b s e rv e d ,  e l e c t r o n  c a p t u r e  b r a n c h  o f  Lu-1 7 6 .
I t  i s  co nc lu ded  t h a t  t h e  uppe r  l i m i t  f o r  t h i s  mode o f  decay 
i s  (3 -  1 ) ^ .  The h a l f - l i f e  o f  t h e  b r a n c h  o b t a i n e d  v i a  
measuremen t  s /
-  4 -
m easurem en ts  w i t h  t h e  a s s o c i a t e d  Y - r a y s  i s  ( 2 .1  -  0 . 2 ) x 10^^ 
y e a r s .
Among t h e  d o u b l e  i s o b a r s  i n v e s t i g a t i o n s  on 
Cd-1 1 3  and Sb-1 2 3  show t h e s e  t o  have  minimum p h a l f - l i v e s  
o f  1 . 3  X 10^^ y e a r s  and 1 .3 2  x  10^^ y e a r s  r e s p e c t i v e l y .
A new v a l u e  o f  480 -  30 KeV h a s  b e e n  o b t a in e d  f o r  t h e  b e t a  
d i s i n t e g r a t i o n  e n e rg y  o f  I n -115  and t h e  h a l f - l i f e  was 
c o n f i rm e d  to  be 6 .0  -  0 .4  x 10^^ y e a r s .  The K e l e c t r o n  
c a p t u r e  o f  Te-1 23  was o b s e rv e d  f o r  t h e  f i r s t  t i m e .  A 
h a l f - l i f e  o f  1 .2 4  -  0 .1 0  x  10^^ y e a r s  i s  c a l c u l a t e d .  The
b e t a  d e c a y  o f  Re-187  was found t o  hav e  a  maximum p e n e rg y
+ -10 o f  1 .2  -  0 .1 0  KeV and a n  e s t i m a t e d  h a l f - l i f e  o f  3 x  10 y e a r s .
T h i s  i s  th e  s o f t e s t  p - r a y  sp ec t ru m  e v e r  t o  be d e t e c t e d .
Lower l i m i t s  f o r  gamma r a y  e m i s s i o n  from I n - 113* Sb-123
and Te-123  a r e  r e s p e c t i v e l y  1 .4  x 10^^ y e a r s ,  1 .5  % 10^^ y e a r s
and 2*5 X 10 y e a r s .
The s y s t e m a t i c s  o f  n a t u r a l  a - e m i t t e r s  among t h e
medium heavy e le m e n t s  a r e  d i s c u s s e d  and a  p r o p o r t i o n a l
c o u n t e r  method w i th  t h e  p o t e n t i a l  o f  m e a s u r in g  a h a l f - l i v e s  
20up t o  10 y e a r s  i s  d e s c r i b e d .  L i m i t a t i o n s  on t h i s  me thod 
a r e  t h e  l e v e l s  o f  n a t u r a l  u ra n iu m ,  th o r iu m  and a c t i n i u m  
i m p u r i t i e s ,  i n  m os t  s u b s t a n c e s .
F i n a l l y ,  s u g g e s t i o n s  a r e  g iv e n  f o r  some f u t u r e  
e x p e r im e n ts  w h ich  sh o u ld  c l a r i f y  t h e  p o s i t i o n  r e g a r d i n g
t h e  /
-  5—
the natural radioactive substances below lead . The 
sign ificance and possib le detection o f  double p decay 
i s  considered#
